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THEORETICAL  BACKGROUND 


Information  concerning  the  future  is  one  of  the  main 
determinants  of  the  arousal,  duration,  and  termination  of 
psychological  stress.  Consequently,  it  must  be  given  a  major 
consideration  in  any  attempt  to  understand  the  processes  and 
dynamics  inherent  in  stressful  encounters.  Information  provides 
the  material  for  cognitive  appraisal  processes  considered  central 
to  the  initiation  of  emotional,  as  well  as  behavioral 
consequences  of  stress  (Lazarus,  1966;  Lazarus  &  Launier  1978* 
Goldberger  &  Breznitz,  1982).  '  ' 

In  view  of  the  proliferation  of  stress  literature,  the 
paucity  of  systematic  research  of  temporal  variables  is  quite 
striking.  Whereas  stress  onset  variables  were  given  some 
attention,  information  about  stress  termination  has  been 
22virtually  neglected.  The  "tour  of  duty"  phenomenon, 
described  by  Janis  (1949)  provides  a  dramatic  illustration  of  the 
potential  power  of  information  to  impact  coping  and  performance. 
During  World  War  II,  crews  of  American  bombers  were  engaged  in 
nightly  flights  over  Germany.  Planes  and  crews  were  lost  each 
night,  and  had  to  be  replaced  by  new  ones.  At  some  point,  many 
members  of  these  crews  developed  major  symptoms  of  stress, 
resulting  in  severe  impairment  of  functioning,  often  making  them 
unable  to  complete  their  missions.  The  psychological  analysis  of 
these  soldiers  indicated  that  they  felt  caught  in  a  no  hope 
situation,  and  that  they  thought  it  was  only  a  matter  of  time 
until  their  turn  would  come.  The  U.S.  Air  Corps  dealt  with  this 
problem  by  informing  the  crews  that  their  tour  of  duty  consisted 
forty  missions,  after  which  they  would  be  relocated  to  a  safer 
type  of  operation.  Although  forty  missions  were  not  fewer  than 
they  were  flying  before,  and  although  planes  and  crews  were  still 
lost  due  -to  enemy  action  just  as  before,  psychologically  the 
situation  altered  dramatically,  with  beneficial  effects  in  terms 
of  symptom  reduction  and  prevention. 

Although  the  "tour  of  duty"  intervention  successfully 
reduced  a  major  problem,  the  underlying  psychological  mechanisms 
of  this  phenomenon  were  systematically  studied  only  recently 
(Breznitz,  1990).  In  a  comprehensive  investigation,  including 
controlled  laboratory  and  field  studies,  Breznitz'  (1988,  1989, 
1990)  research  focussed  on  the  enhancement  of  physical  endurance 
by  changing  the  information  on  the  expected  duration  of  various 
stressful  tasks.  This  research  established  the  generalizability 
of  the  findings,  and  provided  the  basis  for  the  formulation  of 
some  practical  guidelines  to  information  management  under  stress. 
The  discovery  of  the  main  parameters  that  optimize  information 
management  can  now  aid  decision  makers  with  general  policy 
considerations,  as  well  as  provide  particular  tactical  guidelines 
m  a  variety  of  military  settings. 

The  motivational  power  of  information  about  task  duration 
need  not  be  confined  to  difficult  and  stressful  situations.  The 
same  principles  can  prove  effective  in  mobilizing  cognitive 
effort  in  many  tasks  performed  in  the  military  context,  and 
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involving  cognitive  operations  such  as  perception,  memory  and 
decision  making.  Hence,  the  main  objective  of  the  present 
research  was  to  investigate  whether  performance  on  basic 

cognitive  tasks  can  be  enhanced  by  information  about  their 
duration. 

to  arf  severalu sources  Of  background  information  relevant 

to  the  present  research:  a)  general  information  on  time-related 
V~lables  b!  research  on  goal-setting  behavior  c)  research  on  the 
effects  of  information  about  duration  of  stressful  tasks  on 
endurance  and  performance,  and  d)  and  finally,  in  view  of  the 

^eredaas°weU?SearCh  dealS  "ith  reca11'  that  domain  has  to  be 

(a)  Time-related  information  and  psychological  stress. 

_  ,  „McGrath  ( 1970 ) /  Appley  and  Trumbull  (1967),  and  Breznitz  and 
Goldberger  (1982)  suggest  that  time  may  be  one  of  the  molt 
important  parameters  of  stressful  situations.  Lazarus  and 
Folkman  (1984)  discuss  the  role  of  "temporal  uncertainty"  and 
imminence  in  affecting  the  stress  reaction.  It  is  of  some 
tm^rest  not®'  however,  that  both  temporal  uncertainty  and 

to^thinonc:^Vefbefn  studled  ln  hhe  Past  exclusively  in  relation 
to  the  onset  of  stress,  and  not  in  relation  to  its  termination 
Thus,  in  spite  of  the  fact  that  duration  of  stress  is  widely 
considered  to  be  a  major  factor  in  dysfunction  and  disease  rmost 
notably  Selye  1950,  1956)  information  considering  the  termination 

hLa  StfeHSfUl  K^°de  did  not  receive  Efficient  emphas™  ?n 

J?S?oI?Udl*S  WI?1Ch  ^e"te5ed  on  affective  reactions  and  coping 
strategies  m  stressful  situations.  ^  ^ 

In  contrast  to  the  lack  of  research  on  the  duration  of  a 
stressful  episode,  information  about  the  imminence  of  the 
anticipated  danger,  (or  otherwise  stressful  event),  was 
extensively  studied  in  the  past,  to  investigate  its  effects  on 
emotional  reactions,  as  well  as  a  host  of  cognitive  and 

n^fTl0^1!0^001"®!*  Thu?'  <3uality  of  decision  making  is 
?2SiSSiariy  Senaitlve  to  indications  of  time  pressure  due  to 
imminent  stress  (e.g.,  Ben-Zur  &  Breznitz,  1981;  Janis  &  Mann, 
1977).  in  situations  that  provide  the  person  with  full 

ab?“t  th?  o^et.of  danger,  and  he/she  is  objectively 
helpless,  duration  of  anticipation  increases  the  stress  reaction 
especially  when  the  stressful  encounter  gets  closer,  and  undeJ 

??S^10nSAVhlCh  exact  information  on  time  is  given.  Breznitz 
(1967)  used  the  concept  "incubation  of  threat"  to  describe  this 
phenomenon  which  has  been  by  now  replicated  in  several  studies 
rZ^y  B£eznitz  .L968,  1971,  1984;  Folkins,  1970;  Mansueto  & 

Nomikos ,  Opton,  Averill  &  Lazarus  1968).  On 
thai-bfni«  of  ^hls  effect  alone  there  is  good  reason  to  expect 
£?f?a£10n  al?out  the  anticipated  duration  of  the  stress 
elf  will  have  significant  effects  on  stress  level  and 
performance. 

f™,StUdieSJ°f  'warning  systems'  clearly  indicate  that  the 
a°d  pacing  of  information  can  determine  the  exact 
function  plotting  fear  levels  over  time  (Breznitz  1972,  1984) 
Depending  on  its  serial  position  and  timing,  each  warning  signals 
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differential  levels  of  danger  and/or  safety.  (See  also  the 
'safety  signal  hypothesis'  in  attempting  to  explain  preference 
for  signalled  as  opposed  to  surprise  stressor  (Badia,  Harsh  & 
Abbott,  1979;  Weinberg  &  Levine,  1980).  This  suggests  that  in 
addition  to  telling  people  when  the  stress  will  be  over,  it  miqht 
be  important  to  control  the  frequency  and  timing  of  ongoing 
feedback.  In  the  case  of  the  'tour  of  duty'  phenomenon  described 
earlier,  the  World  War  II  pilots  could  simply  count  their 
missions,  and  thus  had  full  and  continuous  information  about  the 
remaining  duration  of  their  ordeal. 

Finally,  another  critical  variable  studied  in  threatening 
situations  is  that  of  credibility  of  information.  In  a 
systematic  experimental  program  Breznitz  (1984)  studied  the 
effects  of  false  alarms  on  fear  levels,  task  performance  and  self 
protection  during  subsequent  similar  threats.  This  body  of 
research  indicates  that  credibility  is  highly  sensitive  to 
information  management  strategies.  Considering  the  possibility 
that  information  about  duration  of  stress  is  often  subsequently 
challenged,  the  effects  of  false  promises  and  false  threats  on 
task  performance  and  endurance  ought  to  be  investigated. 

(b)  Goal  setting. 

An  accumulating  body  of  evidence  suggests  that  definitive 
goals  tend  to  increase  performance.  This  is  of  some  relevance  to 
our  present  analysis,  in  view  of  the  fact  that  information  about 
the  duration/length  of  a  task  may,  in  principle,  be  viewed  as  a 
case  in  which  the  goal  is  to  persist  until  its  completion.  The 
basic  argument  is  one  of  increased  motivation,  although  other 
benefits  of  goal  setting  have  been  mentioned,  in  an  important 
review  of  the  evidence,  Locke  (Locke  &  Shaw,  1981),  a  leading 
contributor  and  in  this  field,  reached  the  following  conclusions: 

Results ...  .on  the  effects  of  goal  setting  on  performance 
show  that  in  90%  of  the  studies,  specific  and  challenging  goals 
led  to  higher  performance  than  easy  goals,  "do  your  best"  goals 
or  no  goals.  Goals  affect  performance  by  directing  attention, 
mobilizing  effort,  increasing  persistence,  and  motivating  task 
performance."  (p.125).  y 

Three . main  features  of  goal-setting  studies  deserve  special 
attention  in  the  present  context:  Firstly,  there  appears  to  be 
overwhelming  evidence  that  specifically  set  goals  are  better  than 
no  goals.  Secondly,  the  best  results  are  obtained  if  the  people 
concerned  participate  in  the  definition  of  the  goal  (e.g., 
Hannafin,  1981;  Latham,  Mitchell  &  Dossett,  1978;  Maher,  1981: 
Wilier  &  Miller,  1976).  Finally,  knowledge  of  results  is  a  key 

1978°rErez?ni977^ential  benefit  °f  goal  settin9  (e.g.,  Becker, 


(c)  Effects  of  information  on  endurance. 

The  Cold  Pressor  Test  (CPT)  is  particularly  useful  as  a 
paradigm  for  the  investigation  of  pain  tolerance  within  a 
controlled  setting.  Typically,  the  subject  is  required  to 
immerse  one  hand  in  water  mixed  with  ice,  maintained  at  0-1 
degrees  C.  In  our  laboratory,  we  used  it  to  study  the  effects  of 
information  about  its  expected  duration  on  endurance  (Breznitz, 
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1990)  . 


On  the  basis  of  results  from  this  extensive  experimental 
program  it  was  possible  to  formulate  a  series  of  principles 
concerning  the  complex  effects  of  information  on  endurance. 

Most  notably,  it  was  concluded  that  information  about  the 
expected  duration  of  a  stressful  task  enhances  endurance  in  all 
instances  in  which  the  information  is  within  the  constraints  of 
what  appears  to  be  "reasonable"  duration.  In  addition,  it  was 
suggested  that  information  impacts  endurance  directly,  without 
the  mediation  of  appraised  difficulty  of  the  task.  Furthermore 
lack  of  information  induces  conflict  about  the  task,  and  such 
conflict  reduces  endurance,  while  information  itself  facilitates 
the  distribution  of  effort.  The  "Law  of  Expected  Duration  on 
Start"  (EDS)  reads  that:  The  shorter  the  EDS,  the  greater  the 
endurance  of  a  stressful  task,  when  information  concerning 
duration  is  changed  during  the  task  itself,  the  relative  rather 
than  the  absolute  change  determines  endurance,  and  the  earlier 
the  change  in  information,  the  more  influential  it  is.  The 
impact  of  EDS  on  endurance  is  greater  than  that  of  the  corrective 
information.  Finally,  experience  interacts  with  information: 
Change  of  information  reduces  the  credibility  of  information  on 
subsequent  tasks,  and  successful  endurance  of  one  task  increases 
the  chances  of  endurance  of  the  next  task. 

Similar  results  were  obtained  in  a  field  experiment 
(Breznitz,  1990)  in  which  soldiers  marched  under  different 
information  conditions.  Morale  was  significantly  lower  in  the 
n°  ^nf°rmati°n '  group,  as  was  mutual  assistance  among  the 
soldiers.  There  were  alsos more  unauthorized  stops  during  the 
march  itself.  At  the  end  of  the  march,  soldiers  in  this 
condition  reported  a  much  higher  level  of  subjective  stress  than 
those  in  the  "full  information"  condition.  In  a  subsequent 
march,  the  impact  of  initially  discouraging  information 
ramatically  reduced  performance  (33%  dropouts),  with  subsequent 
correction  changing  the  number  of  dropouts  into  0.  These  results 
indicate  the  potential  usefulness  of  information  management  as  a 
tool  for  enhancing  endurance.  Not  only  can  the  information 
produce  fatigue,  but  it  can  also  reduce  it  rather  quickly.  The 

cgst-effectiveness  of  information  management  manipulations 

warrants  the  study  of  their  potential  application  in  other - 

contexts  as  well.  - - - 

_  Has lam  (1985)  investigated  the  effects  of  information  about 
termination  of  a  long  sleep  deprivation  period  in  relation  to 
cognitive  per fopance.  Ten  trained  infantrymen  participated  in 
the  experiment  in  which  they  experienced  90  hours  of  wakefulness. 

3  nights  without  sleep,  subjects'  performance  on  encodinq 
or  decoding  tests  was  55%  of  their  control  values.  However, 
before  a  2 -hour  nap,  and  after  being  told  that  they  were  goinq  to 
be  allowed  a  nap,  performance  improved  by  30%,  to  85%  of  control 
values.  The  author  interprets  these  effects  in  motivational 
terms,  suggesting  "...a  reserve  and  manipulative  mental  capacity 
even  m  the  presence  of  severe  sleep  deprivation"  (p.50). 

ahn,n-Tfl!S,1-HaS'ai'1  (1985)  demonstrated  the  effects  of  information 
about  the  termination  of  a  stressful  situation  (sleep 
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deprivation)  on  cognitive  performance.  This  raises  the  question 
whether  the  expected  duration,  or  length  of  cognitive  tasks  can 

performance  directly?  This  leads  us  to  the  last  source  of 
relevant  background  information. 

(d)  Information  about  list  length  in  memory  research. 

The  main  factors  affecting  performance  in  the  free  recall 
paradigm  are:  duration  of  exposure,  meaningfulness  of  the  items, 
their  familiarity,  total  number  of  the  items,  and  their  serial 
position  (e.g.,  Ashcraft,  1989;  Baddeley,  1986,  1990;  Brown 
1976;  Glanzer ,  1972;  Murdock,  1962).  Thus,  better  recall  is 
found  under  longer  exposure  conditions,  when  meaningful  or 
frequent  items  are  used  as  stimuli,  and  when  the  list  is  short. 

A  special  attention  was  given  in  the  past  to  recall  as  function 
of  the  serial  position  of  the  items,  which  results  in  two  main 
effects:  a  recency  effect  —  denoting  better  recall  of  the  last 
items  presented,  and  a  primacy  effect  —  denoting  the  high-level 
recall  of  the  first  items  presented  on  the  list;  the  middle  items 
are  recalled  least. 

initidl  theoretical  explanations  of  recency  and  primacy 
effects  were  in  terms  of  storage:  The  primacy  effect  was  the 
result  of  items'  storage  in  long-term  memory,  or  secondary 
memory,  while  recency  was  based  on  items'  storage  in  short-term 
memory,  or  primary  memory.  This  explanation  was  subsequently 
extended  to  the  type  of  encoding  involved:  The  first  items  on 
the  list  are  encoded  by  using  a  deep  semantic  code,  that  leads  to 
durable  memory  traces,  while  the  last  items  are  coded 
superficially,  probably  using  a  phonological  code.  It  was  also 
suggested  that  storage  of  recency  items  is  passive  and  automatic. 
On  the  other  hand,  a  retrieval-based  explanation  suggested  that 
the  retrieval  of  the  last  items  is  based  on  temporal  aspects, 
ordinal  position,  etc.,  while  the  first  are  retrieved  usinq 
semantic  cues.  J 

The  following  experiments  used  information  about  list  length 

ho  learn  more  about  the  nature  of  the  processes  involved 
m  recall.  Watkins  and  Watkins  (1974)  presented  subjects  with 
mixed  orders  of  7  lists  of  8,10,12,14,16,18,  and  20  words  under 
informed  or  non— informed  conditions.  Immediate  free  recall  as 
well  as  final  free  recall  were  tested,  and  subjects  were 
specifically  instructed  to  recall  first  the  last  items  in  each 
list.  Knowledge  of  list  length  enhanced  the  immediate  free 
recall  of  recency  items  but  depressed  the  final  free  recall  of 
the  same  items.  There  was  no  effect  on  the  primacy  items  in 
either  immediate  or  final  free  recall  tests.  The  authors 
conclude:  "When  the  end  of  the  list  is  thought  imminent, 

secondary  memory  registration  is  reduced  in  order  to  increase 
primary  memory  capacity.  The  result  is  that  recall  of  recency 
items  is  maximized  in  an  immediate  test,  but  at  the  expense  of 
being  reduced  in  a  subsequent  test  in  which  secondary  memory  is 
operative."  (p.  493).  J 

The  Watkins  and  Watkins  (1974)  results  were,  in  general, 
repeated  m  other  studies  (e.g.,  Engle,  Clark  &  Cathcart,  1980; 
Hanley  &  Thomas,  1984;  Penny,  1985):  Accurate  knowledge  about 
list  length,  when  contrasted  with  no  such  knowledge,  enhances 
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recall  of  recency  items,  but  has  no  effect  on  earlier  items. 

Shallice's  (1975)  study,  using  a  paradigm  in  which  subjects 
were  informed  or  uninformed  by  a  signal  during  list  presentation 
indicating  that  only  five  words  were  left,  is  of  particular 
relevance  to  our  own  interests.  This  manipulation  enhanced  the 
free  recall  of  the  last  items,  suggesting  that  information  may 
change  the  subjects'  rehearsal  strategy  on  the  last  items:  Thus, 
they  may  switch  from  elaborative  to  maintenance  rehearsal  at  the 
last  portion  of  the  list,  using  the  articulatory  loop  (see  Hanley 
&  Thomas  (1984)  below  for  a  direct  test  of  this  possibility). 

Hanley  and  Thomas  (1984)  replicated  the  Watkins  and  Watkins 
(1974)  results  in  a  situation  in  which  half  of  the  subjects  in 
either  the  informed  or  uninformed  group,  were  instructed  to 
repeat  the  word  "the"  out  loud  continuously  throughout  each  list 
presentation  (i.e.,  articulatory  suppression  condition).  The 
fact  that  articulatory  suppression  reduced  recall  from  all  serial 
positions,  but  there  was  no  interaction  between  articulatory 
suppression  and  knowledge  of  list  length,  suggests  that 
maintenance  rehearsal  may  not  depend  on  articulation. 

It  should  be  noted,  that  all  recall  experiments  that 
manipulated  information  on  list  length  used  only  two  conditions, 
namely:  No  information  vs.  Exact  information.  The  results 
suggest  that  the  effect  of  exact  information  is  to  improve  the 
recall  of  recency  items,  although  this  may  be  the  direct  result 
of  instructions  to  start  recalling  the  last  items  first  (e.g., 
Watkins  &  Watkins,  1974).  The  recency  effect  was  also  found  in 
one  serial  recall  experiment  (Penney,  1985),  though  the  number  of 
items  used  in  the  lists  was  comparatively  small.  Since  most  of 
the  research  cited  above  instructed  subjects  to  start  recalling 
the  last  items  first,  the  results  are  equivocal:  Such  an 
instruction  may  affect  subjects'  strategy  in  regard  to 
differential  rehearsal  of  primacy  or  recency  items,  but  only  in  a 
condition  in  which  end  of  list  is  predictable,  so  that  such  a 
strategy  is  in  accord  with  retrieval  processes. 

Furthermore,  none  of  the  recall  experiments  referred  to  the 
possible  effects  of  information  on  mobilization  of  mental 
resources  (e.g.,  Haslam,  1985).  Thus,  exact  information  on  list 
length  may  have  certain  effects  not  only  on  processing 
strategies,  but  also  on  distribution  of  effort  (Breznitz,  1990): 
Firstly,  knowledge  of  list  length  may  affect  the  distribution  of 
effort  in  such  a  way  that  the  number  of  expected  items  will 
determine  how  much  rehearsal  or  encoding  manipulations  will  be 
carried  out.  It  may  also  affect  inter-item  chunking.  However, 
the  above  argument  predicts  primacy  rather  than  recency  effects 
information.  At  the  same  time,  knowledge  of  list  length  may 
affect  the  recency  part,  since  when  subjects  know  that  the  end  of 
the  list  is  approaching,  they  may  mobilize  whatever  remaining 
resources  they  have,  and  perform  better. 

The  notion  that  effective  resource  allocation  is  important 
in  performing  stressful  tasks  (Breznitz,  1990)  can  be  also  found 
in  cognitive  research.  For  instance,  Kahneman  (1973)  has 
proposed  that  attentional  resources  are  "elastic"  in  that 
increasing  the  task  load  may  lead  to  an  increase  in  the  subject's 
arousal,  which  in  turn  makes  additional  mental  resources 


available.  This  idea  was  also  discussed  by  Eysenck  (1982),  and 
is  expressed  in  the  goal-setting  context  as  wells  "There  are  at 
least  four  mechanisms  by  which  goals  affect  task  performance:  by 
directing  attention  and  action,  mobilizing  energy  expenditure  or 
effort,  prolonging  effort  over  time  (persistence),  and  motivating 
the  individual  to  develop  relevant  strategies  for  goal 
attainment."  (Locke  &  Shaw,  1981,  p.145).  Thus,  the  quest  for 
application  of  information  management  techniques  that  have  been 
found  to  be  useful  in  stress  research  to  the  area  of  learning, 
memory,  and  complex  cognitive  tasks,  has  some  theoretical 
foundation. 

SPECIFIC  RESEARCH  QUESTIONS  AND  HYPOTHESES 

The  following  questions  and’  hypotheses  are  formulated  on  the 
basis  of  our  previous  research  with  the  CPT  and  other  stressful 
tasks  (Breznitz,  1990).  As  the  various  tasks  used  increase  in 
number,  it  appears  useful  to  formulate  hypotheses  in  the  most 
general  terms  possible,  to  facilitate  generalization  across 
different  task  domains.  Thus,  the  following  hypotheses  apply  to 
any  task  which  has  an  expected  length  that  can  be  operationalized 
in  terms  of  either  task  duration,  or  the  number  of  trials,  items, 
distance,  etc.,  that  define  successful  performance.  ' 

(a)  Expected  length  at  start. 

The  simplest  independent  variable  is  information  about  the 
length  of  a  task  available  at  its  onset.  We  hypothesize  that 
having  information  about  task  length  that  is  judged  manageable 
leads  to  better  performance  than  its  absence,  or  having 
discouraging  information. 

(b )  Information  en  route. 

Information  en  route  to  the  goal  can  be  given  continuously, 
in  a  pattern  of  discrete  signals,  or  not  given  at  all.  The 
availability  of  such  information  will  increase  the  impact  of  the 
expected  length  at  start.  Thus,  we  predict  that  an  item  to  item 
monitoring  during  task  performance  may  further  enhance  task 
performance  if  the  information  at  start  was  encouraging,  or 
reduce  performance  if  it  was  discouraging. 

(c)  Disconfirmation  en  route. 

If  the  new  information  about  length  leads  to  encouragement, 
performance  will  increase.  If,  on  the  other  hand,  it  is 
discouraging,  performance  will  deteriorate. 


CORE  EXPERIMENT. 

Design. 

Following  the  successful  development  of  special  software  for 
a  computer-controlled  experimental  program,  we  could  embark  on  an 
extensive  investigation  of  the  effects  of  information  about  list 
length  on  performance  in  free  recall  and  subsequent  recognition 
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performance.  In  order  to  be  able  to  utilize  the  power  of  a 
combined  between  and  within  groups  design,  it  was  necessary  to 
give  subjects  yet  another  task  to  separate  the  two  recall  tasks. 
By  choosing  a  coding  task  for  this  purpose,  we  could  at  the  same 
time  pretest  the  impact  of  information  management  on  coding 
itself. 

On  both  recall  tasks  there  were  basically  three  different 
information  conditions:  No  Information,  Exact  Information  (20 
items),  and  Discouraging  Information  (40  items).  On  the  coding 
task  the  same  three  types  were  used,  with  the  Exact  Information 
consisting  of  100  items,  and  the  Discouraging  Information  of  300 
items,  respectively. 

The  Core  Experiment  consisted  of  6  groups  of  subjects. 

3£ble  1  presents  the  design,  indicating  the  information  subjects 
received  at  the  start  of  each  session. 


Table  1.  Design  of  Core  Experiment. 


Group 

Recall  1 

Coding 

Recall  2 

A 

No  info. 

No  info. 

20 

B 

No  info. 

No  info. 

40 

C 

20 

100 

40 

D 

40 

300 

No  info. 

E 

No  info. 

No  info. 

No  info. 

F 

20 

100 

20 

All  subjects  were  presented  with  20  items  on  both  recall 
tasks,  irrespective  of  the' initial  information  condition. 
Correspondingly,  in  the  coding  task  all  subjects  were  given  100 
items  irrespective  of  their  initial  information  condition. 

Design  rationale.  Since  subjects  in  the  Discouraging  Information 
condition  may  eventually  find  out  that  the  task  is  shorter  than 
they  expected, .  it  is  important  to  avoid  any  effects  due  to 
reduced  credibility  of  the  information  (Breznitz,  1984).  For 
this  reason  the  coding  condition  always  mirrored  the  first  recall 
condition,  and  only  one  group  (Group  D)  experiences  false 
information  on  the  first  trial.  Its  potential  impact  on 
subsequent  tasks  should  be  guarded  against.  Groups  E  and  F  were 
given  the  same  information  on  the  two  trials  in  order  to  measure 
training  effects .  In  order  to  pretest  the  effects  of  a  counter 
on  performance,  in  the  coding  task  subjects  in  Groups  A  and  B 
were  further  subdivided  into  two  subgroups  indicating  counter  no¬ 
counter  conditions. 


Subjects .  One— hundred  and  twenty  subjects  participated  in  the 
Core  experiment,  20  subjects  in  each  group.  All  were  students  at 
the  University  of  Haifa  or  the  Technion,  responding  to  a  call  for 
subjects  offering  IS30.00  (approximately  $12.50)  for  taking  part 
m  the  experiment.  The  university  guidelines  concerning  human 
subjects  were  followed.  The  sample  consisted  of  60  men  and  60 
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women,  with  an  average  age  of  24.15  (SD  =  2.31,  range  =  21-34). 
All  subjects  had  normal  or  corrected  vision  and  their  mother 
tongue  was  Hebrew. 

Stimuli.  Two  different  recall  lists  of  20  Hebrew  words  each 
were  used.  The  items  for  each  list  were  chosen  from  an  initial 
pool  of  100  high-frequency,  concrete  and  unemotional  words 
denoting  objects,  with  2-4  syllables.  The  pool  was  based  mainly 
on  a  pool  of  80  words  used  by  Druch  (1988)  and  additional  20 
words  collected  from  other  sources.  Ten  judges  were  asked  to 
rate  the  100  words  on  frequency,  emotionality,  and  concreteness 
using  1-7  rating  scales.  In  addition  they  screened  them  for 
possible  double  meanings.  Based  on  these  ratings,  80  words,  all 
highly  concrete,  frequent,  and  non  emotional,  were  used  to  create 
4  parallel  lists,  each  list  containing  20  words,  with  each  word 
belonging  to  a  different  semantic  category.  The  same  20 
categories  were  represented  in  each  of  the  4  lists.  The  lists 
were  carefully  screened  and  chances  of  intralist  clustering  were 
minimized  by  avoiding  obvious  associates.  Two  lists  were  used 
for  the  recall  task,  and  the  items  of  the  other  two  as 
distractors  in  subsequent  recognition  tests,  performed  after  the 
subject  finished  the  recall  of  each  list. 

On  the  basis  of  the  above  lists,  two  recall  tasks  were 
presented  to  each  subject.  The  words  in  each  list  were  randomly 
mixed  so  that  20  different  orders  were  used  in  each  group  of 
subjects.  In  addition,  order  of  lists  was  counterbalanced.  Each 
recognition  test  included  the  words  used  in  the  recall  task  and 
20  distractors,  all  printed  on  paper  in  random  order. 

The  coding  task  was  prepared  on  the  basis  of  the 
coding  task  of  WAIS  and  WTSC-R.  Subjects  are  presented  with  the 
dibits  l-9  and  each  digit  is  paired  with  a  particular  graphical 
sign.  The  task  itself  consists  of  a  list  of  digits  that  have  to 
be  translated  into  their  respective  codes. 

Apparatus .  A  PC  AT  computer  was  used  for  instructions  and 
stimulus  presentation  for  both  recall  and  coding  tasks,  and  for 
data  registration.  The  words  used  in  recall  tasks  were  presented 
in  the  middle  of  the  screen,  their  size  being  5x5  mm.  The  data 
recorded  included  subject  demographics,  experimental  conditions, 
lists  presentation  orders  during  recall  tasks,  and  reaction  times 
(RTs)  as  well  as  type  of  responses  during  the  coding  tasks. 
Reaction  times  were  measured  in  milliseconds.  In  addition,  a 
tape  recorder  was  used  for  recording  subjects'  recall  and  a 
stopwatch  for  measuring  recognition  and  total  coding  task 
performance  durations. 

Procedure .  The  experiment  took  place  in  a  room  consisting  of  a 
computer  for  presentation  of  stimuli  and  recording  of  responses, 
and  two  tables  separated  by  a  screen  behind  which  the 
experimenter  monitored  the  tape  recorder  and  the  stopwatch. 
Subjects  were  run  individually,  and  were  allocated  to  groups  so 
that  each  group  included  10  men  and  10  women.  Two  groups  were 
always  run  in  parallel  (e.g.,  A  and  B,  C  and  D,  G  and  F),  and 
subjects  were  allocated  to  groups  in  subsamples  of  5  subjects 
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each. 


Upon  entry  of  the  subject  the  experimenter  entered  the 
personal  data:  age,  sex,  telephone  number,  place  of  study,  and 
subject  number  into  the  computer.  This  was  followed  by  general 
instructions: 

"During  the  course  of  the  experiment  instructions  will 
appear  on  the  screen  in  front  of  you.  Read  them  carefully  even 
if  they  may  seem  familiar  at  certain  times.  At  the  bottom  of 
each  screen  you  will  be  told  whether  to  proceed  on  your  own,  or 
wait  for  additional  instructions  from  the  experimenter.  Don't 
press  any  key  before  being  told  to  do  so  either  by  the 
experimenter  or  by  the  computer." 

At  this  point  the  subject  is  instructed  to  press  a  key, 
and  several  screens  containing  specific  instructions  concerning 
the  recall  task  according  to  groups  follow: 

"You  are  participating  in  an  experiment  on  memory.  We  will 
present  you  with  a  list  of  (words )/ (twenty  words )/( forty  words) 
on  the  screen  in  front  of  you.  Read  each  word  carefully,  and 
rehearse  it  until  the  presentation  of  the  next  word.  When  the 
screen  shows  a  line  with  the  following  signs 

??? 

start  recall  by  saying  out  loud  the  words  that  were  presented  to 
you.  Say  each  word  that  you  remember  loud  and  clear  since  we  are 
recording  your  responses.  Throughout  recall  the  ???  sign  will 
remain  on  the  screen.  When  the  time  allotted  for  recall  is  over 
the  sign  will  disappear  and  you  will  hear  a  beep.  The  allotted 
time  is  fixed  and  limited  but  there  is  ample  time  to  recall  the 
words.  If  you  finish  recall  before  the  allotted  time  is  over, 
wait  patiently  for  the  beep. 

Do  you  have  any  questions? 

If  you  don't  have  any  questions,  press  any  key  for  the  rest  of 
the  instructions  and  for  practice . " 

These  instructions  were  followed  by  a  brief  practice 
session: 

"We  shall  now  do  some  practice  on  the  task.  We  shall 
present  to  you  a  short  practice  list  containing  several  words. 
Following  the  list,  upon  the  appearance  of  the  ???  line,  start 
saying  immediately  all  the  words  that  you  recall  from  the  list. 
Press  any  key  for  the  practice  to  start". 

After  a  short  practice  session  consisting  of  5  words,  the 
instructions  about  the  first  recall  trial  were  briefly  repeated: 

"The  task  is  now  about  to  begin.  We  shall  present  you  with 
a  list  of  (words) /(twenty  words )/( forty  words),  read  each  word 
carefully  and  rehearse  it.  When  a  line  appears  with  the 
following  signs  ???  start  to  recall  the  words  in  a  loud  and  clear 
voice.  Don't  start  to  recall  before  you  see  the  above  signs  on, 
the  screen."  This  was  followed  by  the  experimenter  repeating  the 
instructions  verbally,  emphasizing  the  number  of  words  to  appear 
in  the  list. 

Next,  each  of  the  20  words  of  the  first  list  appeared  in  the 
middle  of  the  screen  for  3  seconds,  with  the  ???  signs  appearing 
immediately  following  the  last  word.  The  subject  then  started  to 
recall  the  items  of  the  first  list.  Upon  completion  of  the  first 
recall  task  (90  seconds)  there  was  the  sound  of  a  beep,  and  on 


1© 


the  screen  appeared  the  'end  of  task'  instructions: 

"End  of  task  —  stop  the  recall  and  wait  for  the  next  task." 
At  this  stage  the  experimenter  presented  the  subject  with  a 
recognition  test  consisting  of  the  20  list  words  mixed  with  20 
distractors  that  did  not  appear  in  the  original  list,  all  printed 
on  paper.  The  instructions  were  (in  writing  and  repeated 
orally ) : 

"In  the  following  pages  you  will  be  presented  with  all  words 
that  you  were  asked  to  recall,  in  addition  to  new  words.  Read 
each  word  and  decide  whether  or  not  it  appeared  before.  Do  not 
spend  too  much  time  on  each  word  — —  read  it,  decide,  and  circle 
your  answer."  Subjects  were  explicitly  asked  not  to  skip  words, 
and  to  follow  the  order  of  as  it  was  presented. 

The  recognition  test  lasted  for  80  sec  on  average  (measured 
without  subject's  knowledge  by  the  experimenter).  Following  a 
thirty  second  rest  period,  subjects  were  given  the  coding 
instructions:  "The  task  to  be  performed  now  is  a  coding  task. 

We  shall  present  you  with  two  lines  of  squares,  one  above  the 
other:  The  first  line  will  include  the  digits  1-9  and  the  second 

certain  graphical  signs.  Press  any  key  to  see  this  origin 
display,  (after  having  observed  the  display,  press  any  key  for 
continuation  of  the  instructions)." 

At  this  stage  the  display  for  the  coding  task  appeared  on 
the  screen. 
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Following  the  above  display,  the  instructions  continued: 

"You  will  be  presented  with  a  line  of  (digits )/( 100  digits)/ (300 
digits),  and  the  task  is  to  fill  in  under  each  digit  the 
corresponding  sign  (i.e.,  the  graphical  sign  that  appears  in  the 
original  display).  Coding  of  the  graphical  sign  under  each  digit 
will  be  done  by  pressing  use  of  the  appropriate  key  on  the 
keyboard.  Once  you  have  pressed  the  appropriate  key,  the  cursor 
will  move  automatically  to  the  next  item,  and  you  cannot  go  back 
and  correct.  Try  to  work  quickly,  and  not  to  make  mistakes  — 
the  computer  registers  both  the  speed  and  accuracy  of  your 
performance.  You  don't  have  to  remember  which  sign  is  related  to 
which  digit,  since  the  original  display  will  appear  during  the 
whole  session  on  the  upper  part  of  the  screen. 

Do  you  have  any  questions? 

If  you  don't  have  any  questions,  press  a  key  for  the  rest  of  the 
instructions  and  for  practice." 

These  instructions  were  followed  by  a  brief  practice  session 
and  then  the  coding  task  proper.  Subjects  in  the  counter 
condition  read  an  additional  sentence:  "At  the  bottom  of  the 
screen  you  will  see  a  counter  indicating  the  number  of  siqns  vou 
have  already  coded.  y  y 
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The  average  time  for  the  coding  task  performance  was  about  8 
minutes.  Following  an  additional  thirty-second  rest  period,  the 
second  recall  trial  began,  with  the  exception  of  the  information 
about  list  length  that  varied  according  to  groups,  the  procedure 
was  similar  to  that  of  the  first  recall  trial.  After  the  end  of 
the  second  recognition  test  subjects  were  given  a  specific 
questionnaire  concerning  the  various  stages  of  the  experiment. 
Particular  emphasis  was  given  to  subjective  estimates  of 
performance,  and  experienced  task  difficulty  (see  Appendix  A  ). 
Finally,  subjects  signed  a  commitment  to  keep  discretion  about 
the  experiment,  were  paid,  and  released. 


RESULTS 

Performance  Measures.  Free  recall  was  analyzed  using  the 
following  indices: 

a.  Total  correct  -  the  total  number  of  correct  words  recalled 
during  the  allotted  time. 

b.  Primacy  items  -  the  number  of  correct  words  recalled  from  the 
first  6  positions  of  the  input  list. 

c.  Recency  items  -  the  number  of  correct  words  recalled  from  the 
last  6  positions  of  the  input  list. 

d.  The  number  of  extralist  intrusions  from  two  sources:  new 
words  that  have  not  appeared  in  the  input,  and  words  that 
belonged  to  the  training  list.  For  the  second  list,  extralist 
intrusions  from  the  first  recall  or  recognition  list  were  also 
analyzed. 

e.  The  number  of  repetitions  of  list  words  during  recall  (the 
number  of  repetitions  of  errors  was  less  than  0.10  over  all 
groups,  and  therefore  would  not  be  analyzed). 

It  should  be  noted  that  the  choice  of  5-6  positions  for 
estimations  of  recency  in  lists  of  8-20  words  is  the  usual 
procedure  used  in  other  investigations  (e.g.,  Bernbach,  1975* 
Hanley  &  Thomas,  1984;  Shallice,  1975;  Watkins  &  Watkins,  1974). 
We  have  also  analyzed  the  above  results  deleting  the  first  and 
last  item  from  the  list  and  found  similar  trends. 

Table  2  presents  the  mean  recall  indices  for  the  first  and 
second  trial  according  to  groups.  In  each  case  the  actual  number 
of  words  presented  was  20. 

Starting  with  the  first  trial,  we  see  that  Discouraging 
Information  reduces  all  recall  measures.  One-way  Analyses  of 
Variance  (ANOVA)  were  applied  to  each  of  the  above 
indices ,  using  the  three  information  conditions  [Exact 
^n0rma^^0n  <2?)'  information,  and  Discouraging  information 
(40)],  as  the  independent  variable.  These  analyses  showed  that 
the  effects  were  significant  for  the  Primacy  Items  index 
[F(2 , 117 )  =  5.53,  p  <  .01],  with  means  of  4.10,  3.98  and  3.00  for 
Exact  information.  No  information,  and  Discouraging  information, 
respectively.  A  pairwise  Scheffe  test  showed  significant 
differences  (p  <  .05)  between  Discouraging  information  and  either 
the  No  information  or  the  Exact  information  conditions.  The 
results  were  not  statistically  significant  for  the  Extralist 
Intrusions  (new)  [F(2,117)  =  2.71,  p  <  .08],  although  the  trend 
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was  similar  as  in  recall,  i.e.,  most  intrusions  appeared  in  the 
Discouraging  condition.  No  effect  was  found  for  the  number  of 
repetitions  (F  <  1). 

Table_2:  Mean  recall  according  to  trials  and  groups. 

Trial  1 


No  Info. 
Group  A 

No  Info. 

B 

20 

C 

40 

D 

No  Info. 

E 

20 

F 

Total 

Recall 

9.75 

9.95 

9.55 

8.55 

8.65 

10.20 

Primacy 

Items 

4.30 

3.80 

4.20 

3.00 

3.85 

4.00 

Recency 

Items 

2.20 

3.15 

2.60 

2.25 

2.40 

2.75 

Extralist 

Intrusions 

0.35 

0.35 

0.60 

0.90 

0.55 

0.40 

(new) 

Extralist 

Intrusions 

0.50 

0.25 

0.35 

0.30 

0.30 

0.40 

(training) 
RepetitionsO . 90 

0.80 

1.00 

1.15 

0.80 

0.65 
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20 

Group  A 


Trial  2 

40  No  Info.  No  Info.  20 

B  C  D  E 


Total  11.55 

Recall 

10.25 

10.35 

10.05 

10.00 

11.55 

Primacy  4.40 

Items 

3.50 

3.75 

3.65 

3.60 

4.45 

Recency  3.40 

Items 

2.85 

3.60 

2.55 

3.40 

3.45 

Extralist  0.50 

Intrusions 

(new) 

0.40 

0.45 

0.45 

0.30 

0.40 

Extralist  0.10 
Intrusions 
(training ) 

0.00 

0.00 

0.00 

0.05 

0.05 

Extralist  0.20 
Intrusions 
(1st  recall) 

0.35 

0.45 

0.40 

0.40 

0.15 

Extralist  0.00 
Intrusions 
( 1st  recog. ) 

0.05 

0.20 

0.10 

0.35 

0.00 

Repetitions! . 15 

0.80 

0.90 

0.90 

0.85 

6.90 

The  data  from  the  second  trial  essentially  confirms  the 
above  finding,  namely,  the  Discouragement  condition  lowered  the 
number  of  items  recalled,  but  in  addition,  performance  was  also 
low  in  the  No  information  condition.  This  can  be  seen  on  all 
recall  measures,  with  marginal  significance  for  total  recall 
[F(2,117)  —  2.31,  p  =  .10],  and  with  high  significance  for  the 
primacy  items  [F(2,117)  =  5.08,  p  <  .01],  with  means  of  4.43, 

3.63  and  3.63  for  Exact  information.  No  information,  and 
Discouraging  information,  respectively.  A  pairwise  Scheffe  test 
indicated  significant  differences  between  the  Exact  information 
and  either  the  No  information  or  the  Discouragement  information 
conditions.  All  Extralist  Intrusions  indices  showed  similar 
trends,  but  the  effect  was  significant  only  for  the  intrusions 
from  the  first  recognition  test.  No  effect  was  found  for  the 
number  of  repetitions  (F  <  1).  We  also  analyzed  the  effects  of 
information  on  the  second  trial  for  Groups  A  B  and  E,  in  which 
all  subjects  performed  the  first  trial  under  a  No  information 
condition.  As  for  the  general  analysis,  the  effect  was 
significant  for  the  primacy  items  [F(2,57)  =  3.00,  p  =  .0571,  but 
not  for  total  recall.  lr 

Figure  1  presents  the  serial  position  curves  of  each 
information  condition  on  the  first  and  second  trials.  As  can  be 
seen  in  the  figure,  the  effects  of  the  information  manipulation 
are  prominent  particularly  on  the  first  positions  in  each  trial. 
Furthermore,  the  primacy  effect  is  much  stronger  than  the  recency 
effect  for  both  the  first  [t(119)  =  7.57,  p  <  .0001]  and  the 
second  trial  [t(119)  =  4.33,  p  <  .0001].  Thus,  unlike  previous 
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RECALL  (prop.)  RECALL  (prop.) 


Fig.  1-  The  effects  of  information 
on  recall  -  Trial  1 


9-4  7-e  11-12  15-18  19-20 

SERIAL  POSITION 
trial  2 


3-4  7-8  11-12  15-16  19-20 

SERIAL  POSITION 
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data  which  show  marked  recency  effects  in  free  recall  (e.g., 
Baddeley,  1986,  1990),  in  the  present  research  the  first  items  on 
the  list  were  the  best  remembered.  This  is  probably  due  to  the 
fact  that  in  the  present  experiments  the  words  were  presented 
visually,  while  the  recency  effect  is  usually  observed  with 
auditory  presentation.  Indeed,  Engle  et  al.  (1980)  found  a 
modality  effect  in  free  recall  with  visual  presentation  leading 
to  lower  recency  than  auditory  presentation. 

Recognition  Data.  There  were  three  separate  recognition 
measures : 

a.  Hit  Rate  (HR)  -  the  proportion  of  words  that  appeared  in  the 
input  list  (old  words)  and  were  recognized  as  such. 

b.  False  Alarm  Rate  (FAR)  -  the  proportion  of  words  that  did  not 
appear  on  the  input  list  (new  words ),  and  were  mistakenly 
recognized  as  old  words. 

c.  Recognition  Index  (RI)  -  Recognition  corrected  for  guessing, 
by  subtracting  the  FAR  from  the  HR. 

Table  3  presents  the  results  for  both  trials  according  to 
groups . 


Table  3 .  The  complete  recognition  data 
Trial  1 


No  Info. 

No  Info. 

20 

40 

No  Info. 

20 

Group 

Index 

A 

B 

c 

D 

E 

F 

RI 

.74 

.78 

.74 

.66 

.61 

.72 

HR 

.82 

.88 

.84 

.82 

.79 

.85 

FAR 

.08 

.10 

.10 

.16 

.18 

.13 

Trial  2 

20 

40 

No 

Info. 

No  Info. 

20 

Group 

Index 

A 

B 

C 

D 

E 

F 

RI 

.76 

.76 

.73 

.64 

.65 

.78 

HR 

.86 

.86 

.85 

.81 

.80 

.90 

FAR 

.10 

.10 

.12 

.17 

.14 

.12 

An  ANOVA  applied  to  the  recognition  data  of  the  first  trial, 
showed  no  effects  for  information,  although  the  results  in  Table 
3  suggest  a  decrease  in  RI  for  the  Discouraging  information 
condition  (0.66)  when  compared  with  the  No  information  (0.71)  or 
the  Exact  information  condition  (0.73).  The  second  trial  showed 
significant  effects  for  both  HR  [F(2,117)  =  3.52,  p  <  .05],  and 
RI  (F(2,117)  =  4.66,  p  =  .01].  As  predicted,  best  performance 


17 


was  obtained  in  the  Exact  information  condition  on  both  RI  (0.77) 
and  HR  (0.88),  the  Discouraging  information  showed  a  somewhat 
lower  performance  (0.74  and  0.85  for  RI  and  HR  respectively),  and 
the  worst  performance  was  observed  in  the  No  information 
condition  (0.65  and  0.80,  respectively). 

Training  effects.  Our  overall  design  made  it  possible  to  test 
for  training  effects  directly,  by  looking  at  Groups  E  and  F,  both 
of  which  were  given  the  same  information  on  both  trials.  A 
two-way  information  X  trial  ANOVAs,  with  trial  treated  as  a 
within-subject  factor,  were  carried  out.  The  effect  of  trial  was 
significant  for  both  total  recall  [F(l,38)  =  7.01,  p  <  .01],  and 
recency  [F(l,38)  =  11.42,  p  <  .01],  with  no  interactions  between 
information  and  trial.  In  each  case  performance  was  better  on 
the  second  trial  (see  Table  2).  No  training  effects  were  found 
for  the  primacy  items . 

Subjective  estimates.  The  post  experimental  questionnaire 
included  items  that  give  us  some  clues  as  to  the  subjective 
estimates  of  performance,  and  perceived  difficulty  of  the  various 
stages  of  the  task.  The  types  of  estimates  are  of  specific 
interest: 

1.  Estimated  number  of  words  appearing  in  the  list  (Estimated 
Length ) . 

2.  Estimated  number  of  words  announced  at  start  (Estimated 
Information),  testing  for  awareness  of  the  experimental 
instructions. 

3.  Estimated  number  of  words  the  subject  expected  to  recall 
(Anticipated  Recall). 

4.  Estimated  number  of  words  the  subject  actually  recalled 
(Estimated  Actual  Recall). 

5.  Estimated  difficulty  of  recall  for  the  Primacy,  Middle  and 
Recency  items  in  each  list  ( l=easy  7=dif ficult ) . 

Table  4  presents  the  mean  estimates  for  each  trial  according 
to  groups .  One-way  ANOVAs  were  carried  out  for  the  data  of  the 
first  trial.  These  analyses  showed  that  subjects  in  the 
Discouraging  information  condition  thought  that  more  words 
appeared  on  the  list  (25.65)  than  subjects  in  the  other 
conditions  (18.51  and  18.45  for  the  Exact  and  No  information 
conditions  respectively,  F(2,116)  =  9.78,  p  <  .001). 

Experimental  instructions  were  well  remembered  [F(l,55)  =  287.42, 
p  <  .0001,  M  =  20.50,  n  =  40  for  the  Exact  condition,  and  M  = 
38.82,  n  =  17  for  the  Discouragement  condition,  respectively]. 
Although  subjects  in  the  Discouraging  information  group  expected 
to  remember  more  words  [F(2,105)  =  21.72,  p  <  .0001],  they 
correctly  estimated  that  their  actual  recall  was  lower  than 
expected,  and  consequently  the  groups  did  not  differ  on  the 
estimated  number  of  words  actually  recalled  (F  <  1).  As  for 
recall  difficulty,  all  subjects  thought  that  primacy  items  were 
easier  to  recall  than  the  middle  [t(119)  =  20.44,  p  <  .0001]  or 
recency  items  [ t ( 119)  =  11.83,  p  <  .0001],  and  that  recency  items 
were  easier  than  the  middle  ones  [t(119)  =  3.66,  p  <  .001].  In 
the  Discouraging  condition  Recency  items  were  rated  as  more 
difficult  than  in  the  other  conditions  [F(2,117)  =  3.56,  p  < 
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.05].  An  average  difficulty  index  (summing  over  the  three 
ratings),  showed  a  significant  difference  between  information 
conditions  [F(2,117)  =  3.36,  p  <  .05],  with  averages  of  3.79, 

4.00  and  4.30  for  the  No,  Exact,  and  Discouragement  conditions, 
respectively. 

Moving  now  to  trial  2,  all  subjects  remembered  the 
experimental  instructions  perfectly  (M=20.00,  n=37  for  the  Exact 
condition,  and  M=40.00,  n=40  for  the  Discouragement  condition, 
respectively).  Subjects  in  both  No  information  (M=24.30)  and 
Discouraging  information  (M=23.15)  thought  that  more  items  were 
presented  than  subjects  in  the  Exact  information  condition 
(M=20.43)  [ F( 2 , 117 )  =  4.16,  p  <  .02].  Once  again,  although  those 
in  the  Discouragement  group  expected  to  remember  more  words 
[ F( 2 , 109 )  =  9.50,  p  <  .001],  they  estimated  the  recall  to  be 
similar  (F  =  1.69).  Insofar  as  subjective  difficulty  is 
concerned,  on  this  trial  there  were  no  significant  differences 
between  groups.  As  found  for  trial  1,  all  subjects  thought  that 
primacy  items  were  easier  to  recall  than  the  middle  [ t ( 1 19 )  = 
16.99,  p  <  .0001]  or  recency  items  [t(119)  =  12.29,  p  <  .0001], 

Table  4 :  Mean  estimates  by  trials  by  groups. 

Trial  1 


No  Info. 
Group  A 

Measure 

No  Info. 

B 

20 

C 

40 

D 

No  Info. 

E 

20 

F 

Estimated 

Length 

17.80 

18.85 

^  - 

17.63 

25.65 

18.70 

19.35 

Estimated 

Information 

N/A 

N/A 

21.00 

38.82 

N/A 

20.00 

Anticipated 

Recall 

8.83 

9.53 

10.28 

16.60 

10.69 

10.53 

Estimated  8.25 

Actual  Recall 

8.50 

8.80 

9.35 

8.00 

8.45 

Difficulty 

Primacy 

1.90 

2.05 

2.30 

2.25 

1.90 

2.25 

Difficulty 

Middle 

5.10 

4.90 

5.40 

5.20 

5.45 

5.50 

Difficulty 

Recency 

4.40 

3.55 

4.60 

5.45 

4.85 

4.00 
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Trial  2 


Group 

Measure 

20 

A 

40 

B 

No 

C 

Info.  No 
D 

Info. 

E 

20 

F 

Estimated 

Length 

20.00 

23.75 

22.55 

26.65 

21.95 

20.85 

Estimated 

Information 

20.00 

40.00 

40.00 

N/A 

N/A 

20.00 

Anticipated 

Recall 

10.26 

14.68 

13.61 

11.06 

9.56 

10.25 

Estimated 
Actual  Recall 

9.50 

10.84 

11.05 

10.80 

8.60 

9.65 

Difficulty 

Primacy 

1.95 

2.80 

2.55 

2.70 

2.30 

2.35 

Difficulty 

Middle 

5.00 

4.90 

5.35 

5.15 

5.40 

5.25 

Difficulty 

Recency 

4.60 

4.20 

4.85 

5.50 

4.80 

4.10 

20 


infomation  conditions  used  as  the  independent  variable.  Whereas 
no  significant  effects  were  found  for  the  first  trial,  on  the 
second  trial  rehearsal  was  significantly  more  frequent  in  the  No 
information  condition  (Chi-square  =  6.87,  p  <  .05).  Analysis  of 

the  first  strategy  reported  by  each  subject  led  to  the  same 
result  (Chi-square  =  14.91,  p  <  .01). 

Subjects  were  also  asked  to  compare  the  difficulty  of  the 
three  tasks  (i.e.,  first  memory  task,  coding  task,  and  second 
memory  task).  The  only  significant  finding  was  obtained  on  trial 
2,  and  it  sheds  important  light  on  the  main  theme  of  this  study. 
Thus,  on  the  second  trial,  subjects  in  the  Discouraging 
information  condition  rated  the  first  memory  task  as  easier  than 
the  rest  of  the  subjects  (the  averages  were  4.30,  4.88,  and  5.03, 
for  the  Discouraging  information.  Exact  information,  and  No 
information  respectively,  F(2,  117)  =  3.09,  p  <  .05).  Thus, 
subjects  presented  with  discouraging  information  after  either  no 
information  or  exact  information,  find  it  to  be  more  difficult. 
This  is  in  line  with  Breznitz'  (1990)  finding  that  relative, 
rather  than  absolute  information,  affects  performance. 

Person  and  background  variables.  The  data  collected  on  our 
subjects  included  sex  and  age  as  person  variables.  All  groups 
contained  an  equal  number  of  males  and  females,  and  all  subjects 
were  of  similar  age,  with  age  means  of  23.73,  24.35  and  25.00  for 
the  No  information.  Exact  information,  and  Discouraging 
information  respectively.  In  order  to  assess  the  generality  of 
our  results  over  these  variables,  we  have  computed  two-way  ANOVAs 
including  sex  as  a  second  factor.  No  effects  for  sex  were  found 
for  any  of  the  recall  or  recognition  measures,  and  no 
interactions  were  observed  with  the  information  manipulation.  In 
contrast,  age  showed  a  correlation  of  -.20  with  total  recall  on 
trial  1,  over  all  subjects  (n  =  120,  p  <  .05),  and  with  FAR  on 
trial  2  [r(118)  =  .25,  p  <  .01].  An  analysis  of  covariance 
(ANCOVA)  was  applied  to  the  recall  and  recognition  indices,  with 
age  used  as  covariate.  The  same  significant  effects  reported 
above  were  found. 

To  sum  up,  the  effects  of  information  on  recall  and 
recognition  indices  were  not  confounded  by  any  of  the  person 
variables. 

Intercorrelations  between  measures .  In  addition  to  the  various 
analyses  carried  out  already,  it  appeared  to  be  useful  to  look  at 
the  broader  picture,  by  calculating  observing  the  relationships 
between  the  various  performance  measures  themselves.  Table  6 
presents  the  correlations  between  the  various  performance 
indices,  on  each  trial. 
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Table  6 :  Correlations  between  performance  indices. 

Trial  1 


Primacy 

Items 

Recency 

RI 

HR 

FAR 

Total 

Recall 

.58 

.69 

.71 

.59 

-.49 

Primacy 

Items 

.13 

.33 

.27 

-.25 

Recency 

Items 

.47 

.41 

-.31 

RI 

.80 

-.73 

HR 

Trial  2 

-.18 

Primacy 

Items 

Recency 

Items 

RI 

HR 

FAR 

Total 

Recall 

.66 

.66 

.72 

.60 

-.51 

Primacy 

Items 

.26 

.49 

.43 

-.31 

Recency 

Items 

.53 

.44 

-.37 

RI 

.79 

-.75 

HR  -.19 

note:  n  =  120;  for  r  >  .18,  p  <  .05 

As  can  be  seen  in  Table  6,  all  correlations  are  positive  and 
significant  in  most  cases,  except  for  the  expected  negative 
correlations  between  FAR  and  the  other  indices.  The  correlations 
between  the  first  and  the  second  trial  memory  measures  were  in 
the  range  of  .35  and  .59  (p  <  .001). 

Total  recall  was  negatively  related  to  estimated  subjective 
difficulty,  for  both  first  and  second  trial  [the  correlations  of 
total  recall  with  average  difficulty,  over  the  three  estimates  of 
primacy,  middle  and  recency,  were  -.42  and  -.40  (p  <  .0001), 
respectively].  Similar  trends  were  observed  by  all  memory 
indices.  Thus,  on  the  individual  level,  as  actual  performance 
worsen,  estimated  difficulty  is  greater.  It  should  be  emphasized 
that  these  are  correlated  data;  thus,  while  difficulty  may 
determine  performance,  the  level  of  performance  itself  may  affect 
estimates  of  difficulty  in  a  posthoc  evaluation. 


INFORMATION  EN  ROUTE. 


Design  and  rationale.  The  Core  Experiment  utilized  two  recall 
tasks  with  basically  three  different  information  conditions:  No 
information,  Exact  information  (20  items),  and  Discouraging 
information  (40  items).  All  subjects  were  presented  with  20 
items  on  both  trials,  irrespective  of  the  initial  information 
condition.  Results  showed  that  the  effects  of  information  about 
list  length  on  free  recall  performance  were  mainly  indicated  for 
the  primacy  items:  Exact  information  elevated  performance  on 
these  items,  and  discouraging  information  degraded  it. 

The  Core  Experiment  results  were  obtained  under  conditions 
that  were  less  than  optimal  for  information  effects:  Subjects  in 
the  Exact  information  condition  were  told  about  the  exact  number 
of  items  to  be  presented,  but  since  no  counter  was  present  to 
indicate  how  many  items  were  already  processed,  and  how  many  were 
still  ahead  of  them,  they  could  use  this  information  only  on  a 
general  level.  It  could  be  argued  that  information  effects  may 
be  enhanced  by  the  presence  of  a  counter  indicating  the  number  of 
items  still  to  be  processed.  Although,  by  its  very  nature,  it 
could  have  only  a  very  limited  impact  on  the  primacy  items ,  its 
effects  on  recency  could  be  more  pronounced.  This,  would  be  in 
line  with  previous  research  (e.g.,  Shallice,  1975;  Watkins  & 
Watkins,  1974). 

The  procedure  of  the  following  experiment  was  identical  to 
the  one  employed  in  the  Core  Experiment,  using  two  recall  tasks 
with  a  coding  task  in  between.  Group  G  received  exact 
information  (20  items)  on  the  first  trial  and  discouraging 
information  (40  items)  on  the  second  trial,  and  Group  H  received 
these  conditions  in  the  reverse  order  (Discouraging  information 
on  the  first  trial  and  Exact  information  on  the  second) .  The 
coding  task  was  performed  with  Exact  or  Discouraging  information, 
as  in  the  Core  experiment,  but  the  Discouraging  information  was 
more  extreme  (500  signs  instead  of  300).  The  main  feature  of  the 
present  experiment  was  that  a  backwards  running  counter  was 
present  on  all  the  tasks.  Thus,  subjects  knew  at  each  point  how 
many  items  were  left  for  processing. 

Another,  important  reason  for  the  Information  En  Route 
Experiment  was  to  replicate  the  results  that  have  been  obtained 
so  far. 

Subjects .  Forty  subjects  participated  in  the  Information  En 
Route  experiment,  20  subjects  in  each  group.  All  were  students  at 
the  University  of  Haifa  or  the  Technion,  responding  to  a  call  for 
subjects  offering  IS30.00  (approximately  $12.50)  for  taking  part 
in  the  experiment.  The  university  guidelines  concerning  human 
subjects  were  followed.  The  sample  consisted  of  20  men  and  20 
women,  with  an  average  age  of  23.30  (SD  =  1.75,  range  =  20-27). 
All  subjects  had  normal  or  corrected  vision  and  their  mother 
tongue  was  Hebrew. 


Stimuli .  All  stimuli,  as  well  as  all  procedures  were  identical 
to  those  used  in  the  Core  Experiment.  Thus,  the  same  lists  were 
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used  for  the  recall  tasks  and  the  recognition  tests.  The  words 
in  each  list  were  randomly  mixed  so  that  20  different  orders  were 
used  in  each  group  of  subjects,  and  order  of  lists  was 
counterbalanced.  Each  recognition  test  included  the  words  used  in 
the  recall  task  and  20  distractors  all  printed  on  paper  in  random 
order . 

The  coding  task  was  also  identical  to  the  one  used  in  the 
Core  Experiment.  All  stimuli  were  presented  on  the  PC  AT 
computer,  and  the  data  recorded  included  subject  demographics, 
experimental  conditions,  lists  presentation  orders  during  recall 
tasks,  and  reaction  times  (Rts),  as  well  as  the  actual  responses 
during  the  coding  tasks.  In  addition,  a  taperecorder  was  used 
for  recording  subject  recall  and  a  stopwatch  for  recognition  and 
coding  performance  times . 

Subjects  were  told  about  the  counter,  and  it  appeared  on  the 
training  list  as  well.  The  numbers  appeared  about  1  cm  under  the 
words,  each  number  centered  under  the  specific  word.  Thus, 
following  the  training  instructions,  subjects  were  told: 

"Pay  attention!  A  counter  will  appear  under  the  words  presented 
and  it  will  show  the  number  of  words  left  for  presentation 
(including  the  word  presented  at  the  moment).  Counting  will  be 
done  backwards,  for  example  —  in  the  5-word  training  list,  the 
number  5  will  appear  under  the  first  word  presented,  the  number  4 
under  the  second  word,  and  so  on,  until  the  last  word  under  which 
the  number  1  will  appear.  Is  everything  clear?  please  do  not 
hesitate  to  ask  any  question." 

The  instructions  about  the  counter  were  also  verbally 
repeated  by  the  experimenter. 

Subjects  in  group  G  were  told  that  they  would  be  presented 
with  a  list  of  20  words.  The  counter  started  with  the  number  20, 
counting  backwards  until  1  for  the  last  item.  Subjects  in  group 
H  were  told  that  they  would  be  presented  with  a  list  of  40  words. 
The  counter  started  with  the  number  40  for  this  group,  counting 
backwards  to  21.  Following  item  1  for  group  G  or  item  21  for 
group  H  all  subjects  were  told  to  start  recalling  the  items,  and 
then  performed  on  the  recognition  test  which  lasted  for  about  80 
sec  on  average.  Then  the  coding  task  was  performed,  i.e., 
subjects  were  presented  with  a  list  of  100  signs  to  be  coded,  or 
500  signs  to  be  coded,  in  the  Exact  and  Discouraging  information 
respectively,  counting  backwards  from  100  or  500.  All  subjects 
coded  100  items.  This  was  followed  by  the  second  recall  task, 
reversing  the  conditions  of  the  two  groups  (i.e.,  for  group  G 
subjects  were  told  that  a  list  of  40  items  would  be  presented  and 
for  group  H  —  a  list  of  20  words).  After  the  recall  session,  a 
recognition  test  followed,  lasting  for  78  sec  on  average. 

Finally,  subjects  were  given  the  same  questionnaire  as  in  the 
Core  Experiment . 

RESULTS . 

Memory  performance  was  analyzed  as  in  the  Core  Experiment, 
using  the  same  recall  indices.  These  data  were  compared  with  the 
equivalent  groups  of  the  Core  Experiment.  For  the  first  trial, 
these  were  groups  C,  D  and  F.  For  the  second  trial,  these  were 
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groups  A,  B,  C  and  F.  The  data  of  the  various  indices  appear  in 
Table  7 .  Since  the  number  of  intrusions  and  repetitions  was 
extremely  small,  they  will  not  be  presented. 


Table  7 ;  Mean  recall  and  recognition  indices  according  to 
trials ,  experiments ,  and  groups . 

Trial  1 


Group 

Index 

En  Route 
20 

G 

Experiment 

40 

H 

Core 

20 

C+F 

Experiment 

40 

D 

Total 

Recall 

10.10 

9.70 

9.88 

8.55 

Primacy 

Items 

4.25 

3.70 

4.10 

3.00 

Recency 

Items 

2.30 

2.50 

2.68 

2.25 

Group 

Index 

En  Route 
20 

H 

Trial  2 
Experiment 

40 

G 

Core 

20 

A+F 

Experiment 

40 

B+C 

Total 

Recall 

11.30 

12.10 

11.55 

10.30 

Primacy 

Items 

4.30 

4.25 

4.43 

3.63 

Recency 

Items 

3.15 

3.35 

3.43 

3.23 

One-way  ANOVAs  performed  on  the  two  groups  of  the  present 
experiment  did  not  produce  any  significant  differences  between 
these  groups  on  any  of  the  performance  measures ,  although  the 
averages  for  total  recall  and  primacy  items  were  in  the  same 
trend  as  the  ones  obtained  in  the  Core  Experiment  ( see  Table  7 ) . 
On  the  other  hand,  two-way  ANOVAs,  Information  (20  vs  40)  X 
Counter  (yes  vs  no),  which  were  applied  to  each  of  the  above 
indices,  showed  significant  main  effects  for  the  Primacy  Items 
index,  for  both  the  first  and  the  second  trial  [F( 1,96)  =  10.88, 
p  <  .001,  and  F( 1,116)  =  5.81,  p  <  .05],  respectively].  No 
effects  were  found  for  total  recall,  or  for  the  recency  portion 
of  the  list,  and  no  effects  were  found  for  the  counter 
manipulation  or  for  the  Information  X  Counter  interaction.  The 
present  study  could  be  viewed  as  a  successful  replication  of  our 
results  from  the  Core  Experiment. 
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The  recognition  measures  were  analyzed  as  in  the  Core 
Experiment,  and  the  averages  appear  in  Table  8 ,  according  to 
experiments  and  information,  as  in  Table  7. 


Table  8 

:  The 

complete 

recognition 

data 

Group 

Index 

Trial  1 

En  Route  Core 

20  40  20 

G  H  C+F 

40 

D 

RI 

.74 

.71 

.73 

.66 

HR 

.86 

.87 

.85 

.82 

FAR 

.12 

.16 

.12 

.16 

En 

20 

Group  H 
Index 

Route 

40 

G 

Trial  2 

Core 

20 

A+F 

40 

B+C 

RI 

.73 

.76 

.77 

.74 

HR 

.86 

.87 

:s8 

.85 

FAR 

.13 

.11 

.11 

.11 

Two-way  ANOVAs  applied  to  the  recognition  indices  of  the 
first  and  second  trial  showed  significant  effects  for  information 
only  for  the  FAR  of  the  first  trial  [F(l,96)  =  3.77,  p  =  .055]. 

No  effects  were  found  for  the  counter  manipulation  or  for  the 
information  X  counter  interaction. 

Subiective  estimates.  The  post  experimental  questionnaire  was 
analyzed  as  in  the  Core  Experiment,  and  Table  9  presents  the  mean 
estimates  for  each  trial  according  to  experiments,  information 
and  groups . 
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Table  9 :  Mean  estimates  in  each  experiment  by  trials  by  groups. 

Trial  1 

En  Route  Core 


20 

40 

20 

40 

Group 

G 

H 

C+F 

D 

Estimated 

Length 

17.65 

24.30 

18.51 

25.65 

Estimated 

Information 

20.00 

40.55 

20.50 

38.82 

Anticipated 

Recall 

11.05 

15.80 

10.41 

16.60 

Estimated 
Actual  Recall 

8.90 

11.00 

8.63 

9.35 

Difficulty 

Primacy 

1.95 

2.50 

2.28 

2.25 

Difficulty 

Middle 

5.05 

5.45 

5.45 

5.20 

Difficulty 

Recency 

3.60 

4.30 

4.30 

5.45 

Trial 

2 

En  Route 

Core 

20 

40 

20 

40 

Group 

H 

G 

A+F 

B+C 

Estimated 

Length 

20.00 

25.10 

20.43 

23.15 

Estimated 

Information 

20.00 

40.00 

20.00 

40.00 

Anticipated 

Recall 

11.20 

13.60 

10.26 

14.16 

Estimated 
Actual  Recall 

10.10 

10.90 

9.58 

10.95 

Difficulty 

Primacy 

2.65 

2.45 

2.15 

2.68 

Difficulty 

Middle 

4.80 

4.75 

5.13 

5.13 

Difficulty 

Recency 

4.05 

4.10 

4.35 

4.53 
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Two-way  ANOVAs  were  applied  to  the  data  of  the  first  trial. 
These  analyses  showed  that  subjects  in  the  Discouraging 
information  condition  indeed  thought  that  more  words  appeared  in 
the  list  than  subjects  in  the  Exact  information  condition 
[F( 1,95)  =  25.02,  p  <  .0001],  with  no  effect  for  the  counter. 
Experimental  instructions  were  well  remembered  for  trial  1 
[F( 1 , 91 )  =  877.66,  p  <  .0001],  and  the  counter  affected  this 
variable  [F(l,91)  =  34.29,  p  <  .0001],  so  that  subjects  in  the 
Information  En  Route  experiment  remembered  that  more  words  were 
presented  to  them  than  subjects  in  the  Core  Experiment.  Subjects 
in  the  Discouraging  information  groups  expected  to  remember  more 
words  [F(  1,9.3)  =  41.08,  p  <  .0001],  and  they  also  estimated  that 
their  actual  recall  was  higher  [ F( 1 , 96 )  =  4 . 84 ,  p  <  . 05 ] .  As  for 
recall  difficulty,  effects  were  found  only  for  the  recency 
items.  In  the  Discouraging  condition  Recency  items  were  rated  as 
more  difficult  than  in  the  Exact  condition  [F(l,96)  =  5.11,  p  < 
.05],  and  the  effect  of  the  counter  was  to  lower  the  subjective 
difficulty  of  recency  [F(l,96)  =  4.21,  p  <  .05]. 

Moving  now  to  trial  2,  most  of  the  above  effects  were 
repeated:  subjects  in  the  Discouraging  information  condition 

estimated  that  more  words  appeared  in  the  list  than  those  in  the 
Exact  information  condition  [F( 1,116)  =  11.80,  p  <  .001],  and 
they  perfectly  remembered  the  experimental  instructions.  Those 
in  the  Discouraging  information  group  expected  to  remember  more 
words  [F(l,113)  =  18.17,  p  <  .0001],  and  they  estimated  their 
recall  to  be  somewhat  higher  [F( 1,115)  =  3.59,  p  <  .06]. 

Similar  trends  were  observed  for  overall  difficulty,  with 
the  primacy  items  rated  as  easier  to  recall  than  the  middle  or 
the  recency  items  ( see  Table  9 ) . 

As  in  the  Core  Experiment  data,  actual  performance 
was  lower  than  expected  in  the  Discouraging  information  group 
compared  with  the  Exact  information  condition  on  both  trials.  For 
trial  1  the  actual-expected  recall  means  were  -1.05  and  1.23, 
respectively,  F(l,96)  =  13.26,  p  <  .001,  and  for  trial  2  the 
means  were  0.05  and  1.72,  respectively,  F( 1,115)  =  9.82,  p  < 

.01.  Thus,  the  previous  results  were  replicated  in  this  respect 
as  well. 

Finally  subjects  were  again  asked  to  report  about  the 
specific  strategies  they  employed  while  memorizing  the  items. 

The  data  appear  in  Table  10  —  each  subject  could  contribute  to 
more  than  one  type  of  strategy. 


Table  10:  Reported  strategies  (in  percentages)  according  to 
trials . 

Trial  1 


20  40 

Group  G  H 

Strategy 


Rehearsal 

60 

30 

Associative 

25 

35 

Elaborative 

35 

35 

/Imagery 

Trial  2 

20 

40 

Group 

H 

G 

Strategy 

Rehearsal 

55 

45 

Associative 

30 

35 

Elaborative 
and  Imagery 

30 

<- 

55 

Chi-square  tests  were  computed  for  each  strategy,  with 
information  conditions  as  the  independent  variables,  but  none  of 
the  results  were  significant.  The  above  strategies  were  also 
compared  with  the  Core  Experiment  groups,  first  using  the  counter 
as  the  independent  variables  and  then  using  the  information  as 
the  independent  variable.  For  the  first  comparison,  the  effects 
were  significant  for  the  first  trial,  indicating  that  the 
rehearsal  strategy  was  reported  more  frequently  in  the  absence  of 
the  counter  (p  <  .05). 

Finally,  subjects  were  asked  several  questions  in  regard  to 
the  various  tasks  performed.  The  no  counter  groups  tended  to 
report  all  of  the  tasks  as  more  difficult  than  the  counter 
groups,  and  the  effects  were  significant  for  the  coding  task  and 
the  second  memory  trial  (p  <  .05).  The  same  trend,  but  much 
weaker,  was  found  for  rated  success  on  the  tasks,  with  only 
marginal  significance  for  the  second  memory  trial  (p  =  .055). 


Person  and  background  variables.  The  data  collected  on  our 
subjects  included  sex  and  age  as  person  variables.  All  groups 
contained  an  equal  number  of  males  and  females,  and  all  subjects 
were  relatively  young  persons  and  average  age  was  similar  between 
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information  conditions  [the  F's  <  1  for  both  trials  1  and  2]. 
There  were  some  minimal  differences  between  the  counter 
conditions  on  age  for  trials  1  and  2  [F(l,96)  =  7.72,  p  <  .01  and 
F(  1,116)  —  3.76,  p  <  .05,  respectively,  in  both  cases  the  counter 
groups  being  somewhat  younger  (23.30)  than  the  no  counter  groups. 

To  assess  the  generality  of  results  over  these  variables,  we 
computed  two-way  ANOVAs  including  sex  as  a  second  factor.  The 
effects  of  information  remained  unaltered,  with  no  interactions 
with  sex  for  the  main  indices.  An  ANCOVA  applied  to 
the  memory  indices  with  time  of  day  and  age  treated  as 
covariates,  and  sex  entered  as  a  third  independent  factor, 
revealed  the  same  effects  for  primacy  items  of  the  first  trial. 

In  addition,  in  these  analyses,  the  effect  of  the  counter  was 
found  to  be  significant  for  correct  recognition  in  cases  of 
incorrect  recall  [F(l,90)  =  4.81,  p  <  .05],  with  corrected  means 
of  .71  and  .80  for  no  counter  vs.  counter,  respectively.  Thus, 
the  counter  affected  processing  in  a  way  which  led  to  better 
recognition  performance  when  recall  failed. 

DISCONFIRMATION  EXPERIMENT. 

The  next  experiment  investigated  the  effects  of  changing 
information  in  the  middle  of  the  task.  This  manipulation  was 
found  to  have  major  impact  on  performance  in  our  stress  endurance 
studies  (Breznitz,  1990),  and  its  potential  impact  on  a  cognitive 
was,  therefore,  a  potentially  interesting  question.  Two  groups 
of  subjects  were  used:  On  the  first  trial,  one  group  was 
instructed  to  anticipate  10  items  only.  However,  following  the 
presentation  of  the  10  items,  subjects  were  told  that  additional 
10  items  will  be  presented  before  testing  for  recall.  Thus, 
subjects  in  this  group  (Group  10+10)  started  with  initially 
encouraging  information,  with  subsequent  discouragement.  The 
other  group  consisted  of  a  mirror  image  of  the  first  one.  At 
start  subjects  were  instructed  to  anticipate  40  items,  but 
following  the  presentation  of  the  first  10  items,  this  was 
reduced  to  20.  (Group  40-20). 

The  two  groups  in  the  Disconfirmation  Experiment,  like  those 
in  the  Information  En  Route  experiment,  were  presented  with  a 
counter  indicating  the  number  of  items  outstanding.  We 
hypothesized  that  the  first  batch  of  10  items  would  be  processed 
more  effectively  in  Group  10+10  than  in  Group  40-20,  with  the 
opposite  effects  following  the  disconfirming  information.  Group 
10+10  could  be  expected  to  be  encouraged  by  the  fact  that  the 
task  is  short,  and  that  the  chances  of  remembering  most  of  the 
items  are  high.  At  the  point  when  they  learn  that  10  more  items 
would  be  presented,  discouragement  may  set  in.  Group  40-20,  on 
the  other  hand,  should  process  the  first  10  items  exactly  as 
Group  40  in  the  Information  En  Route  experiment,  but  the 
subsequent  encouragement  may  provide  an  advantage. 

Both  groups  received  Exact  information  (20  items)  on  the 
second  trial.  The  coding  task  was  performed  with  parallel 
manipulations.  A  counter  was  present  on  all  tasks  performed,  and 
counting  for  all  tasks  was  done  backwards.  Thus,  subjects  knew 
at  each  point  how  many  items  were  left  for  processing. 
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Subjects .  Forty  subjects  participated  in  the  Disconfirmation 
experiment,  20  subjects  in  each  group.  All  were  students  at  the 
University  of  Haifa  or  the  Technion,  responding  to  a  call  for 
subjects  offering  IS30.00  (approximately  $12.50)  for  taking  part 
in  the  experiment.  The  university  guidelines  concerning  human 
subjects  were  followed.  The  sample  consisted  of  20  men  and  20 
women,  with  an  average  age  of  24.23  (SD  =  2.81,  range  =  20-32). 
All  subjects  had  normal  or  corrected  vision  and  their  mother 
tongue  was  Hebrew. 

Procedure .  The  experimental  procedure,  as  well  as  all  stimuli, 
were  identical  to  those  used  in  the  Information  En  route 
experiment.  The  instructions  were  also  identical,  with  the 
exception  of  the  additional  information  in  the  middle  of  the 
task.  This  information  was  given  in  a  format  aiming  to  reduce 
the  ensuing  interruption  to  a  bare  minimum  (15  seconds).  Thus, 
subjects  in  Group  I  (10+10)  were  interrupted  after  10  items,  when 
the  counter  reached  1,  and  were  told: 

"We  decided  to  lengthen  the  list,  and  instead  of  finishing 
now,  you  will  be  presented  with  additional  ten  words  before  being 
asked  to  remember  all  twenty  words.  Wait  for  the  screen  to 
change."  Following  these  instructions,  the  counter  started 
counting  again  from  10  backwards  to  1.  In  Group  J  (40-20) 
subjects  were  interrupted  after  10  items,  when  the  counter 
reached  31,  and  were  told: 

"We  decided  to  shorten  the  list,  and  instead  of  additional 
thirty  words,  you  will  be  presented  with  only  ten  words  before 
being  asked  to  remember  all 'twenty  words.  Wait  for  the  screen  to 
change . " 

Following  these  instructions,  the  counter  started  counting 
from  10  backwards  to  1,  as  in  Group  I. 

Subjects  were  told  about  the  counter  and  it  appeared  on  the 
training  list  as  well.  The  interruption  in  the  middle  of  the 
list  was  present  on  trial  1  only,  and  took  place  without  any 
prior  indication  or  warning. 

Following  the  last  item  (reaching  the  number  1  for  the  two 
groups)  all  subjects  were  told  to  start  recalling  the  items,  and 
then  performed  on  the  recognition  test  which  lasted  for  80  sec  on 
average.  Next  they  engaged  in  the  coding  task.  In  Group  1,- 
subjects  were  instructed  to  anticipate  a  list  of  50  signs  to  be 
coded,  with  additional  50  added  upon  completion.  Group  J 
expected  to  code  500  signs,  but  following  the  first  50  this  was 
reduced  to  just  50  more.  The  counters  were  adjusted 
correspondingly . 

All  subjects  encoded  100  signs,  with  the  average  time  for  .. 
coding  of  about  8  minutes.  Next  came  the  second  recall  task, 
which  in  this  experiment  consisted  of  the  Exact  information 
condition  for  the  both  groups.  After  testing  for  recall  and 
recognition,  subjects  were  given  the  post  experimental 
questionnaire. 
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RESULTS . 


In  addition  usual  indices,  several  new  ones,  assessing 
performance  for  each  of  the  four  5-item  parts  of  the  list,  for 
the  first  trial  were  calculated.  This  was  deemed  necessary, 
since  the  particular  design  used  in  this  study  made  the  first  10 
items  psychologically  different  from  the  last  10.  Consequently, 
in  addition  to  the  previous  definition  of  Primacy  and  Recency, 
i.e.,  the  first  and  last  6  items,  we  obtained  information  on  the 
basis  of  5  item  segments  as  well.  On  the  first  trial.  Groups  I 
and  J  of  the  present  experiment  were  compared  with  Groups  G  and 
H,  and  then  with  Groups  C+F  and  D.  For  the  second  trial,  in 
which  Groups  I  and  J  were  tested  under  an  Exact  information 
condition,  the  parallel  groups  were  Group  H  and  then  Group  A+F. 
Table  11  presents  the  data. 


Table  11: 

Mean  recall 

by  groups , 

experiments ,  and 

trails. 

Trial 

1 

Disconf irmation 
10+10  40-20 

En 

20 

Route 

40 

Core 

20 

40 

Group 

Index 

I 

J 

G 

H 

C+F 

D 

Total 

Recall 

9.95 

9.80 

10.10 

9.70 

9.88 

8.55 

Primacy 

Items 

'  3.50 

3.60 

4.25 

3.70 

4.10 

3.00 

Recency 

Items 

2.70 

2.80 

2.30 

2.50 

2.68 

2.25 

Items 1-5 

3.10 

3.20 

3.65 

3.25 

3.58 

2.65 

Items6-10 

2.10 

2.30 

2.35 

2.30 

1.98 

1.70 

Itemsll-15 

2.50 

1.85 

2.15 

2.05 

2.03 

2.20 

Items 16 -20 

2.25 

2.45 

1.90 

2.10 

2.30 

2.00 
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Trial  2 


Group 

Index 

Disconfirmation 

20 

I+J 

En  Route 

20 

H 

Core 

20 

A+F 

Total 

Recall 

11.45 

11.30 

11.55 

Primacy 

Items 

4.10 

4.30 

4.43 

Recency 

Items 

3.63 

3.15 

3.43 

Comparisons  of  Groups  I  and  J  on  the  first  trial  did  not 
indicate  any  significant  differences.  However,  when  these  groups 
were  compared  with  the  other  4  groups,  in  a  two-way  ANOVA, 
Experiment  (Disconfirmation  vs  En  route  vs  Core)  X  Information 
(20  vs  40),  significant  effects  were  found  for  information 
[F( 1,134)  =  7.53,  p  <  .01],  and  the  Information  X  Experiment 
interaction  [F(2,134)  =  3.12,  p  =  .05],  for  the  primacy  items. 
Similar  effects  were  found  for  the  Iteml-5  index.  As  can  be  seen 
in  Table  11,  the  effect  of  disconfirmation  or  counter  en  route 
was  to  elevate  performance  on  the  first  items  in  Groups  J  and  H 
(40-20  or  40)  in  comparison  with  Group  D  (40;  no  counter). 

Figure  2  presents  the  serial  position  curves  of  Groups  I  and 
J  compared  to  Groups  G  and  fl.  As  can  be  seen  in  the  figure,  the 
relative  performance  of  the  latter  is  elevated  for  the  last  items 
as  compared  with  the  first  items.  These  groups  were  compared  on 
a  difference  score  which  indicated  relative  recency  performance 
(by  subtracting  the  last  two  items  from  the  first  two).  The 
effect  of  disconfirmation  in  was  significant  [(F(l,76)  =  5.36,  p 
<  .05].  Thus,  disconfirmation  elevated  the  recall  of  the  last 
items . 

Comparing  performance  of  the  six  groups  that  got  Exact 
information  conditions  on  the  second  trial  showed  no  differences 
between  the  groups  on  any  of  the  recall  or  the  recognition 
measures  presented  below.  This  suggests  that  at  the  effects  of 
information  on  recall  are  highly  robust,  and  reproducible  even  if 
the  conditions  on  the  first  trial  differ.  It  is  conceivable  that 
the  coding  task,  which  serves  to  separate  the  two  recall  tasks  is 
quite  effective  in  minimizing  whatever  impact  the  differential 
conditions  on  the  first  trial  might  have  had. 

The  recognition  measures  were  analyzed  as  in  the  Core 
Experiment,  and  the  averages  appear  in  Table  12. 
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RECALL  (prop.)  RECALL  (prop.) 


SERIAL  POSITION 


Exact  info. 
Disc.  info. 
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Table  12: 


The  complete  recognition  data 

Trial  1 

Disconfirmation  En  Route  Core 


Group 

Index 

10+10 

I 

40-20 

J 

20 

G 

40 

H 

20 

C+F 

40 

D 

RI 

.76 

.71 

.74 

.71 

.73 

.66 

HR 

.85 

.86 

.86 

.87 

.85 

.82 

FAR 

.09 

.15 

.12 

.16 

.12 

.16 

Trial  2 

Disconf.  En  Route  Core 

20  20  20 

Group  I+J  H  A+F 


Index 

RI 

.75 

.73 

-  .77 

HR 

00 

00 

• 

.86 

00 

00 

• 

FAR 

.14 

.13 

.11 

Subjective  estimates.  The  mean  estimates  for  each  trial 
according  to  experiments,  information,  and  groups,  appear  in 
Table  13.  Comparisons  of  Groups  I  and  J  showed  significant 
effects  forthe  first  three  estimation  indices  of  trial  1  [F(l,38) 
=  15.14,  94.51,  and  21.25,  all  p  <  .001].  Thus,  subjects  in 
Group  I  thought  that  fewer  words  were  presented  to  them  than  in 
Group  J,  and  they  also  reported  that  they  were  told  about  fewer 
words,  and  anticipated  to  recall  fewer  words.  Estimated  actual 
recall  was  similar  in  the  two  groups  (F  <  1). 

The  assessments  of  difficulty  also  differed  in  the  two 
groups:  Group  I  estimated  primacy  items  to  be  less  difficult  to 
remember  than  Group  J  [F(l,38)  =  5.21,  p  <  .05],  while  they 
estimated  the  recency  items  to  be  more  difficult  [F(l,38)  =  4.65, 
P  <  • 05 ] .  Thus,  disconfirmation  clearly  impacts  the  subjective 
domain  —  difficulty  in  remembering  the  last  items  depends  on 
whether  these  items  were  unexpectedly  being  added  to  the  list,  or 
they  are  the  only  ones  left  after  the  encouraging  subtraction  of 
20  items. 
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Table  13 


Table  13:  Mean  estimates  in  each  experiment  by  trial??  hy 

Trial  1 

Disconf irmation  En  Route 

10+10  40-20  20  40  20 

groups. 

Core 

40 

Group 

I 

J 

G 

H 

C+F 

D 

Estimated 

Length 

17.35 

25.25 

17.65 

24.30 

18.51 

25.65 

Estimated 

Information 

14.00 

40.70 

20.00 

40.55 

20.50 

38.82 

Anticipated 

Recall 

10.75 

18.65 

11.05 

15.80 

10.41 

16.60 

Estimated  9.95 

Actual  Recall 

10.75 

8.90 

11.00 

8.63 

9.35 

Difficulty 

Primacy 

1.85 

3.00 

1.95 

2.50 

2.28 

2.25 

Difficulty 

Middle 

5.00 

5.10 

5.05 

5.45 

5.45 

5.20 

Difficulty 

Recency 

Group 

4.50 

Disconf. 

20 

I+J 

3.20 

Trial  2 

En  Route 
20 

H 

3.60 

Core 

20 

A+F 

4.30 

4.30 

5.45 

Estimated 

Length 

20.55 

20.00 

20.43 

Estimated 

Information 

20.75 

20.00 

20.00 

Anticipated 

Recall 

11.60 

11.20 

10.26 

Estimated  10.30 

Actual  Recall 

10.10 

9.58 

Difficulty 

Primacy 

2.48 

2.65 

2.15 

Difficulty 

Middle 

5.00 

4.80 

5.13 

Difficulty 

Recency 

3.78 

4.05 

4.35 

Two-way  ANOVAs  showed  significant  effects  for  information  on 
difficulty  of  primacy  items  [F( 1,134)  =  5.32,  p  <  .05],  and 
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significant  Experiment,  and  Experiment  X  Information  interaction 
effects  [ F ( 2 , 134 )  =  3.29,  p  <  .05  and  F(2,134)  =  6.00,  p  <  .01]. 
Thus,  the  effect  of  the  Disconfirmation  experiment  was  to  reverse 
the  effect  on  subjective  estimates  of  recency  —  while  subjects 
in  the  usual  discouraging  information  conditions  thought  that  the 
last  items  on  the  list  were  difficult,  when  the  initially 
discouraging  information  was  disconf irmed,  (i.e.  Group  J),  the 
same  items  were  perceived  to  be  easier  to  remember!  No 
differences  were  found  between  the  six  groups  on  the  second 
trial. 

Actual  performance  was  similar  to  that  expected  in  Groups  I 
and  J  (F  <  1).  A  two-way  ANOVA  showed  the  usual  effect  of  Exact 
vs  Discouraging  information  conditions  [the  actual-expected 
recall  means  were  0.93  and  -1.02,  respectively,  F(l,134)  =  8.57, 

p  <  .01] . 

Subjects  in  the  two  disconfirmation  groups  did  not  differ  on 
the  main  questionnaire  measures  for  trials  1  and  2,  and  did  not 
differ  in  strategies  reported  for  the  first  trial. 

Person  and  background  variables.  Groups  I  and  J  had  equal 
proportions  of  men  and  women,  and  the  average  age  did  not  differ 
between  the  two  groups  (the  means  were  24.30  and  24.15,  F  <  1). 


THE  CODING  TASK. 

The  main  purpose  of  the  coding  task  in  this  study  was  to 
engage  subjects  between  the  two  main  recall  tasks.  It  was  always 
performed  under  the  same  information  conditions  as  the  first 
recall.  At  the  same  time,  since  coding  requires  a  type  of 
cognitive  processing  far  removed  from  that  involved  in  recall,  it 
could  be  of  interest  in  its  own  right.  Are  there  any  information 
effects  on  performance  of  what  appears  to  be  a  relatively  simple 
cognitive  activity? 

The  coding  task  consists  of  translating  the  digits  1-9  into 
their  corresponding  graphical  symbols,  as  fast  as  possible. 

There  are  no  memory  demands  beyond  the  iconic  or  the  very  short 
term  visual  memory,  since  a  display  of  the  coding  chart  is  always 
available  to  the  subject.  It  requires  exact  and  quick  reactions, 
and  therefore,  the  main  measure  of  performance  is  reaction  time. 

In  the  following  section  we  shall  describe  the  results 
pertaining  to  coding  performance  for  the  10  experimental  groups 
used  in  this  project.  The  experimental  design  of  the  coding  task 
consisted  of  the  following  information  conditions:  No 
information.  Exact  information  (100  items),  and  Discouraging 
information  of  two  levels  —  300  or  500  items.  The  reason  for 
adding  a  more  extreme  discouragement  condition  was  that  subjects 
in  the  first  groups  evaluated  the  coding  task  as  easy  and 
underestimated  the  number  of  codes  carried  out.  A  forward  or  a 
backward  counter  was  used  in  most  of  the  groups .  The  two 
variations  of  "Disconfirmation  en  route"  were  also  applied  to  the 
coding  task. 

The  full  experiment  consists  of  10  groups  of  subjects. 

Table  14  presents  the  design,  indicating  the  information  subjects 
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received  at  the  start  of  each  session  (n— 20  in  each  information 
group) .  All  subjects  were  presented  with  100  items  irrespective 
of  their  initial  information  condition. 


Table  14 :  Design  of  the  coding  task. 


Group 

Information 

Counter 

A 

No  information 

forward  -  10 

sub 

B 

No  information 

forward  -  10 

sub 

C 

Exact  information  - 

100 

forward 

D 

Discouraging  info  - 

300 

forward 

E 

No  information 

forward 

F 

Exact  information  - 

100 

forward 

G 

Exact  information  - 

100 

backward 

H 

Discouraging  info  - 

500 

backward 

I 

Encouraging-Discouraging 

50+50  backward 

J 

Discouraging-Encouraging 

500-400  backward 

Two-hundred  subjects  participated  in  the  full  project,  20 
subjects  in  each  group.  All  were  students  at  the  University  of 
Haifa  or  the  Technion,  responding  to  a  call  for  subjects  offering 
IS30.00  (approximately  $12.50)  for  taking  part  in  the  experiment. 
The  university  guidelines  concerning  human  subjects  were 
followed.  The  sample  consisted  of  100  men  and  100  women,  with  an 
average  age  of  24  (SD  =  2.35,  range  =  20-34). 

The  experimental  procedure  was  described  in  the  Core 
Experiment  section.  Following  the  performance  of  the  first 
memory  task,  the  subject  read  the  coding  task  instructions.  The 
instructions  always  mimicked  the  memory  instructions  for  the 
first  recall  task  in  terms  of  the  information  conditions.  The 
subjects  were  given  a  detailed  explanation  about  coding 
performance  and  also  carried  out  a  short  training  session. 

The  post-experimental  questionnaire  included  several 
questions  related  to  the  coding  task,  thus  providing  some 
information  about  some  of  its  subjective  aspects . 

RESULTS . 

The  results  will  be  analyzed  according  to  the  following 
sections: 

1.  Core  Experiment:  Comparing  the  effects  of  information 
conditions  —  No  information,  Exact  information  and  Discouraging 
information  —  on  performance,  where  a  forward  counter  was  always 
present,  and  levels  of  information  were  100  and  300  for  the  Exact 
and  Discouraging  conditions,  respectively. 

2.  Information  En  Route:  Comparing  the  effects  of  a  counter  on 
performance,  in  the  absence  of  information. 

3.  Extreme  discouragement  data:  Comparing  Exact  information  to 
particularly  discouraging  information  by  elevating  the  number  of 
coding  trials  to  500. 

4.  Disconfirmation  en  route:  Changing  the  number  of  coding 
trials  in  the  middle  of  the  task  from  50  to  100  total,  or  from 
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500  to  100  total. 


Dependent  variables .  Since  the  number  of  coding  errors  was  too 
small  (the  range  was  1-4.8%  for  the  10  experimental  groups),  to 
consist  a  meaningful  index  of  performance,  our  main  dependent 
variable  is  reaction  time  (RT).  Consequently,  all  indices  are 
reaction  time  (RT)  indices.  Two  subjects  had  more  than  30% 
missing  responses  due  to  apparatus  failures  or  lack  of 
understanding  of  task  requirements  and  their  data  are  not 
included  in  the  following  analyses.  The  average  performance  time 
over  the  100  trials,  and  over  the  198  subjects  was  2.17  sec  (SD  = 
0.38).  However,  there  were  several  dozens  of  particularly  long 
responses  (over  10  sec)  and  therefore  all  RT  data  were  log 
transformed  and  then  averaged  over  trials.  The  entire  session 
was  divided  into  10  blocks  of  10  coding  signals  each.  The 
following  are  the  main  performance  measures : 

a.  RT100  -  Average  RT  of  correct  responses  based  on  all  100 
trials . 

b.  RT50a  -  Average  RT  of  correct  responses  based  on  the  first  50 
trials . 

c.  RT50b  -  Average  RT  of  correct  responses  based  on  the  last  50 
trials . 

d.  Ten-blocks  division  -  Average  RT  of  correct  responses  for 
successive  blocks  of  10  trials  each. 

Core  Experiment. 

Table  15  presents  the  mean  RT  according  to 

the  information  conditions. 

<- 

Table  15:  Coding  indices  according  to  No  information,  Exact 
information,  and  Discouragement  information  conditions. 


Group 

Index 

No  Information 
A+B+E* 

( n=40 ) 

100 

C+F 
( n=40 ) 

300 

D 

(n-20) 

RT100 

2.23 

2.09 

2.18 

RT50a 

2.44 

2.31 

2.40 

RT50b 

2.03 

1.89 

1.97 

*Note:  Not  including  20  subjects  in  the  no  counter  subgroups. 

Table  15  shows  that  for  all  three  main  indices.  Exact 
Information  (100)  leads  to  better  performance  than  Discouraging 
information  (300),  which  in  turn  is  better  than  No  Information. 

One-way  ANOVAs  resulted  in  significant  effects  for  RT50b  (F(2,96) 
=  3.16,  p  <  .05].  When  comparing  performance  of  the  Exact  and  No 
information  conditions  pooled  together  vs  the  Discouragement 
condition  on  these  measures,  no  significant  effects  were 
observed,  but  the  comparison  of  Exact  and  Discouragement 
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information  vs  No  information  resulted  in  significant  effects  for 
RT100  [ F ( 1 , 97 )  =  5.11,  p  <  .05],  and  RT50b  [F(l,97)  =  5.94,  p  < 

.  05  ]  . 


Figure  3  presents  the  serial  position  curves  of  each 
information  condition,  the  10  positions  being  the  10  blocks  of 
trials.  As  can  be  seen  in  the  figure,  for  most  cases  the  same 
effects  obtain:  The  No  information  condition  leads  to  lower 
performance  than  the  other  two  conditions.  These  effects  were 
significant  in  the  two-group  comparison  for  blocks  4,  6,  8  and 
10,  indicating  that  information  effects  are  stronger  on  later 
rather  than  earlier  trials. 

The  results  reported  above  were  found  even  when  gender  was 
added  as  an  additional  factor,  and  age  and  time  of  day  treated  as 
covariates. 


Subjective  estimates.  The  post  experimental  questionnaire 
included  items  that  give  us  some  clues  as  to  the  subjective 
estimates  of  both  performance  and  differential  difficulty  of  the 
various  stages  of  the  task.  These  were: 

1.  Estimated  number  of  codes  appearing  in  the  task  (Estimated 
Length ) , 

2.  Estimated  number  of  codes  announced  at  start  (Estimated 
Information),  testing  for  awareness  of  the  experimental 
instructions , 

3.  Estimated  number  of  codes  the  subject  expected  to  encode 
(Anticipated  performance), 

4.  Estimated  number  of  codes  the  subject  actually  encoded 
(Estimated  Actual  performance), 

5.  Estimated  difficulty  of  early  (primacy),  middle,  and  later 
(recency)  items  ( l=easy  7=dif ficult ) . 

Table  16  presents  the  mean  estimates  for  each  condition. 
One-way  ANOVAs  were  applied  to  the  data,  showing  significant 
effects  for  estimated  information  [F(2,60)  =  56.00,  p  <  .0001], 
and  anticipated  performance  [F(2,67)  =  22.69,  p  <  .0001],  but  not 
actual  performance  (F  <  1).  As  can  be  seen  in  Table  16,  all 
subjects  underestimated  the  number  of  codes  actually  encoded, 
which  may  explain  the  relatively  high  performance  on  the  task. 

As  for  difficulty,  only  the  primacy  items  showed  significance 
[F(2,96)  =  4.74,  p  <  .05].  Subjects  in  the  No  information 
estimated  the  beginning  of  the  task  to  be  less  difficult  than 
subjects  in  the  other  conditions.  This  points  out  the  complex 
effects  of  the  No  Information  condition.  Embarking  on  a  task  in 
the  absence  of  information  about  its  expected  duration,  or 
length,  may  encourage  overly  optimistic  subjective  estimates  of 
duration  or  length. 
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RT(sec) 


fig.  3-  The  effects  of  information 
on  coding  performance 
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Table  16:  Mean  estimates  by  conditions . 


NO 

Information 

100 

300 

Group 

Measure 

A+B+E* 

( n=40 ) ** 

C+F 
( n=40 ) 

D 

( n=20 ) 

Estimated 

Length 

64.60 

63.42 

82.21 

Estimated 

Information 

— 

107.69 

284.71 

Anticipated 

Performance 

66.77 

81.21 

185.33 

Estimated 

Actual  Performance 

69.63 

67.15 

76.00 

Difficulty 

Primacy 

3.10 

4.18 

4.10 

Difficulty 

Middle 

2.98 

3.10 

3.50 

Difficulty 

Recency 

2.71 

2.58 

2.70 

*Not  including  20  subjects4  in  the  no  counter  subgroups. 

♦♦Number  of  subjects  may  be  less  than  N  due  to  subjects  not 
remembering  the  number  required 

Subjects  were  also  asked  to  compare  the  various  tasks. 
Information  conditions  had  no  significant  effects  the  relative 
difficulty  of  recall  and  coding,  nor  did  they  affect  the 
perceived  relative  success  on  these  tasks.  On  the  whole, 
subjects  reported  coding  as  significantly  less  difficult  than 
recall  (p  <  .0001;  the  means  were  4.92  for  mean  memory  difficulty 
and  2.38  for  coding  difficulty)  and  felt  they  were  significantly 
more  successful  on  this  task  (p  <  .0001;  the  means  were  3.22  and 
5.36,  respectively).  Most  subjects  (90%)  reported  as  having  no 
prior  experience  with  similar  tasks. 

The  groups  did  differ  in  reporting  that  the  first  memory 
task  may  have  had  an  effect  on  their  coding  performance. 
Specifically,  more  subjects  in  the  Discouraging  information 
condition  reported  such  an  inter  task  effect  (60%)  than  in  the 
other  groups  (  Exact  information  =  22.5%;  No  information  = 

25.64%,  Chi  square  =  9.68,  p  <  .01). 

Information  En  Route  Experiment. 

Table  17  presents  the  mean  Rts  according  to  experimental 
condition. 
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Table  17: 
conditions 

Coding  indices 

in  the  counter  and  no  counter 

Counter 

No  Counter 

Index 

(n=40 ) 

( n=20 ) 

RT100 

2.23 

2.19 

RT50a 

2.44 

2.36 

RT50b 

2.03 

2.04 

The  results  indicate  that  the  counter  had  practically  no 
effect  on  performance. 

Subjective  estimates.  Table  18  presents  the  mean  estimates  for 
each  subgroup. 


Table  18:  Subjective  estimates 
conditions . 


Counter 
( n=40 ) 


Measure 

Estimated 

Length 

64.60 

Estimated 

Information 

N/A 

Anticipated 

Performance 

66.77 

Estimated 

Actual  Performance 

69.63 

Difficulty 

Primacy 

3.10 

Difficulty 

Middle 

2.98 

Difficulty 

Recency 

2.71 

in  the  counter  and  no  counter 

No  Counter 
(n=20) 

43.42 

N/A 

62.08 

41.10 

2.95 

2.90 

2.85 


As  expected,  subjects  in  the  counter  condition  estimated  the 
length  of  the  task  more  accurately  [F(l,55)  =  6.17,  p  <  .05]. 
Estimates  of  actual  performance  were  also  more  accurate  [F(l,56) 

=  12.46,  p  <  .01].  It  is  interesting  that  even  in  the  presence 
of  the  counter,  subjects  seriously  underestimate  the  number  of 
items  actually  coded. 
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Increasina 

the  levels 

of  Discouraqinq  information. 

Table  19: 

Exact  vs . 
100 

Highly  Discouraging  information 
500 

Group 

G 

H 

RT100 

2.20 

2.10 

RT50a 

2.48 

2.29 

RT50b 

2.03 

1.93 

Table  19  shows  that  the  more  extreme  information  (as  well  as 
changing  the  forward  into  a  backward  counter)  had  very  little 
effect  on  performance,  and  indeed  neither  of  the  above  measures 
nor  the  RT  means  for  the  10  blocks,  proved  to  be  significant.  ' 
There  was  a  slight  tendency  for  Group  H  to  perform  a  bit  faster 
and  this  unexpected  trend  would  be  analyzed  in  the  discussion  ' 
section  of  this  report. 

Subjective  estimates.  Table  20  presents  the  mean  estimates  for 
each  condition. 


Group 

100 

G 

500 

H 

Estimated 

Length 

56.55 

118.35 

Estimated 

Information 

97.00 

500.00 

Anticipated 

Performance 

80.00 

331.13 

Estimated 

Actual  Performance 

61.35 

126.85 

Difficulty 

Primacy 

3.95 

3.10 

Difficulty 

Middle 

2.90 

2.60 

Difficulty 

Recency 

2.30 

2.50 

.  estimations  of  performance  were  significantly 

higher  m  the  Highly  Discouraging  information  condition.  No 
<^1^^efence?  were  found  between  the  two  conditions  on  the  other 
questionnaire  indices  pertaining  to  the  coding  performance. 

Disconf irination  Experiment. 

Table  21  presents  the  mean  RTs  according  to  groups. 
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Table  21:  Disconf irmation  data. 


Group 

50+50 

I 

500-400 

J 

RT100 

2.38 

2.03 

RT50a 

2.72 

2.27 

RT50b 

2.14 

1.80 

Contrary  to  our  initial  expectations,  disconf irmation  half 
way  through  the  task  did  not  produce  differential  effect  in  the 
two  groups.  In  addition,  there  is  a  clear  main  effect,  namely 
Group  500-400  was  faster  than  Group  50+50  on  all  measures, 
(significant  at  p  <  .05).  This  is  in  line  with  the  previous 
finding  concerning  highly  discouraging  information,  it  too 
enhanced  performance  speed  compared  with  the  exact  information 
condition. 

Table  22  presents  the  subjective  estimates  by  group. 


Group 

50+50 

I 

500-400 

J 

Estimated 

Length 

51.11 

60.55 

Estimated 

Information 

55.55 

447.55 

Anticipated 

Performance 

55.00 

348.95 

Estimated 

Actual  Performance 

60.48 

100.45 

Difficulty 

Primacy 

2.84 

3.45 

Difficulty 

Middle 

2.26 

2.90 

Difficulty 

Recency 

2.00 

2.20 

The  only  significant  differences  between  the  two  conditions 
were  the  obvious  ones  based  on  differential  instructions. 

Since  the  analyses  of  Groups  G  H  I  J  suggested  an  unexpected 
effect  of  information  on  RT,  we  pooled  together  the  data  of  these 
groups,  and  analyzed  them  in  a  two-way  ANOVA.  The  results 
indicate  that  the  effect  of  information  was  significant  for  RT100 
[  F(l,75)  =  4.31,  p  <  .05]  as  well  as  for  RT50a  and  RT50b,  with 
no  interactions  with  the  experiment.  The  same  results  were 
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obtained  for  most  of  the  10  trial  blocks.  Figure  4  illustrates 
that  Highly  Discouraging  information  indeed  pushed  subjects  to 
perform  faster. 


DISCUSSION. 

Cognitive  resources. 

The  present  study  was  a  direct  offspring  of  our  earlier 
research  on  enhancement  of  endurance  by  information  about  the 
duration  of  stressful  tasks  (Breznitz,  1990).  The  cost 
effectiveness  of  information  management  techniques  is  so  high 
that  their  potential  generalizability  to  other  (non-stress) 
domains  becomes  a  major  goal.  Although  the  a  priori  chances  of 
success  would  have  been  greater  if  the  tasks  of  choice  shared 
some  common  elements  with  those  previously  tested  (i.e.: 
physical  exertion  and  pain  tolerance),  we  opted  for  the  more 
risky  strategy  of  venturing  into  the  more  distant  cognitive  area. 
If  successful,  our  approach  could  pave  the  way  to  a  significantly 
broader  view  of  the  underlying  principles  involved  in  information 
management  enhancement  of  human  functioning. 

At  the  same  time,  the  suggested  testing  of  earlier 
discovered  principles  in  the  context  of  free  recall  was  not 
motivated  solely  by  practical  considerations  of  generalization. 

On  the  contrary,  our  previous  findings  indicated  that  the 
usefulness  of  a  theoretical  framework  that  could  be  potentially 
relevant  to  cognition  in  general,  and  memory  in  particular. 

Thus ,  in  trying  to  explicate  the  result  of  both  our  laboratory 
and  field  experiments,  issues  related  to  "mobilization  of  effort" 
appeared  to  be  of  central  importance.  The  manipulations  of 
encouragement  and  discouragement,  which  were  the  focus  of  those 
studies,  illustrate  this  quite  effectively: 

Soldiers  embarking  on  what  they  expected  to  be  a  very  long 
and  arduous  march  were  sometime  found  to  "give  up"  and  fail  the 
task  after  walking  a  relatively  short  distance,  well  within  their 
capacity.  It  was  argued  that  if  information  on  start  is  too 
discouraging,  this  may  lead  to  ineffective  and  insufficient 
mobilization  of  resources,  and  turn  into  a  self-fulfilling 
prophecy.  If  the  initially  discouraging  information  is 
subsequently  altered  into  a  more  encouraging  one,  the  soldiers 
are  allowed  access  to  spare  resources,  and  effectively  finish  the 
march . 

Full  information  about  task  duration  was  found  to  facilitate 
the  distribution  of  effort.  Not  unlike  the  marathon  runners,  the 
soldiers  on  a  long  march,  and  the  subjects  participating  in  a 
pain  tolerance  experiment,  must  effectively  husband  their 
resources  for  the  entire  duration  of  their  respective  tasks.  The 
capacity  to  mobilize  major  effort  at  points  of  crisis  was  yet 
another  issue  analyzed  in  the  context  of  the  above  type  of 
conceptualization. .  So  was  the  finding  about  the  effectiveness  of 
delivering  promising  signals"  at  various  points  during  a 
stressful  task. 

The  notion  of  resources  is  not  new,  and  has  often  been  used 
as  a  hypothetical  construct  in  a  broad  spectrum  of  cognitive 
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Fig.  4-  The  effects  of  change  in  information 
en  route  vs.  type  of  information 
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research.  In  a  critical  analysis  of  the  concept  Navon  (1984) 
defined  resource  as:  "any  internal  input  essential  for 
processing  (e.g.,  locations  in  storage,  communication  channels) 
that  is  available  in  guantities  that  are  limited  at  any  point  in 
time."  (p.  217).  Although  resource  theory  was  initially  applied 
in  the  context  of  research  on  attention  (Kahneman,  1973),  in 
recent  years  it  penetrated  other  areas  of  cognitive  research, 
including  the  one  most  relevant  to  this  study,  i.e.,  memory. 

In  a  theoretical  paper  devoted  to  the  role  of  "cognitive 
resources"  and  "cognitive  effort"  in  memory,  Mitchell  and  Hunt 
(1989)  try  to  explicate  this  family  of  concepts  in  a  detailed 
manner.  They  define  cognitive  effort  as:  "the  percentage  of  the 
available  capacity  or  resources  allocated  to  a  given  task.  Under 
this  paradigm,  performance  of  any  task  will  be  influenced  by 
resource  requirements  of  the  task  only  if  resource  demand  exceeds 
resource  supply."  (p.  338).  Thus,  performance  deficit,  i.e., 
failure  to  remember  something  may  be  due  to  insufficient 
resources,  inadequate  allocation  of  available  resources,  or 
insufficient  effort  in  resource  utilization.  Whereas  decline  in 
memory  function  in  old  age  is  often  attributable  to  overall 
reduction  of  the  pool  of  resources  (Craik  &  McDowd,  1987; 
Salthouse,  1988),  developmental  increase  in  performance  on  memory 
tasks  in  children  is  usually  explained  in  terms  of  growingly 
efficient  resource  utilization  (Case,  1984;  Kail,  1984). 

Resource  theory  in  the  context  of  the  present  study. 

Although  some  scholars  argue  that  mental  effort  should 
always  be  tested  directly  within  the  context  of  any  particular 
experiment  (Mitchell,  &  Hunt,  1989),  others  view  the  potential 
interference  of  these  two  tasks  (memory  and  tapping,  or  any  dual 
task  design)  as  problematic  (Bjorklund,  &  Harnishfeger,  1989). 
Hence,  in  there  was  no  attempt  in  the  present  study  to  measure 
effort  directly,  but  rather  manipulate  the  expectations  about 
effort  via  information. 

The  main  task  in  our  experiments  consists  of  recall  of  a 
twenty-item  list  of  unconnected  words,  following  a  single 
presentation.  As  such,  it  is  clearly  beyond  the  capacity  of  our 
subjects,  even  under  the  best  of  circumstances.  Stated 
differently,  even  if  all  available  resources  were  allocated  to 
the  task,  they  would  still  be  insufficient  for  perfect  recall. 

The  actual  performance  would  thus  depend  on  the  amount  of 
resources  allocated  to  the  task,  and  their  utilization  (effort). 
Furthermore,  the  same  amount  of  resources  may  be  differentially 
distributed  within  the  various  segments  of  the  task  proper.  Such 
an  inter-item  allocation  would  be  the  basis  for  serial  position 
effects. 

In  the  absence  of  information  concerning  the  expected  task 
duration  (either  in  terms  of  time,  or  number  of  items),  resource 
allocation  and  effort  would  be  determined  "on  line"  by  the  actual 
requirements  of  the  task.  However,  when  specific  information 
about  task  duration  is  available,  it  provides  the  basis  for 
EXPECTED  EFFORT.  Expected  effort  is  viewed  as  influencing  both 
the  total  amount  of  resources  allocated  to  the  task,  and  the 
within  task  resource  allocation  (e.g.:  resources  per  item). 
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According  to  the  above  mentioned  definition  of  effort  as  the 
percentage  of  resources  allocated  to  a  task,  the  amount  of  actual 
effort  spent  would  depend  on  the  adequacy  of  resources.  The 
concepts  of  resources  and  effort  are  both  hypothetical 
constructs,  and  cannot  be  measured  directly.  Nevertheless  thev 

£av®  fySt?matlC  imPact  on  performance.  This  is  well  illustrated 
by  a  brief  summary  of  our  main  research  findings. 

Discouraging  information  on  start  reduces  recall. 

__  *  °Ur  results  indicate  that  Exact  information  leads  to  higher 

lowfrTT  °n  reca11'  a“d  Discouraging  information  leads  to5 
lower  performance,  especially  when  primacy  effects  are  tested 
This  suggests  that  information  may  affect  the  encoding  and 
rehearsal,  of  items  in  long-term  or  secondary  memory. 

The  above  findings  differ  from  previous  research  that  showed 
information  on  list  length  to  affect  the  recency  portion  of ^ 
list  (e.g.,  Shallice,  1975;  Watkins  &  Watkins,  1974).  These 

thfte^??Ce^hmaY  bS  r<rconciled.if  we  take  into  account  the  fact 
t  all  other  experiments  utilized  auditory  presentation  and 

Uemflirst!®  Specifically  >=*®d  to  start  recalling  the 

1-0  A]-ihough  ali  groups  of  subjects  were  tested  after  exposure 
in  the^r  1J?ltlal  information  differed.  Thus,  subjects 

111  ^\Dl!^°Uraging  informati°n  condition  were  told  that  the  list 
would  be  40  items  long.  Results  indicate  that  discouraging 
information  on  start  significantly  reduces  recall.  withiS  our 

b®hretlCal  ^fafiework  this  can  be  explained  by  two  different 
mechanisms  which  are  not  mutually  exclusive:  1 

+  (ai‘  We  P°stulate  that ‘when  a  task  is  seen  as  unmanageable 
this  reduces  the  motivation  to  allocate  all  available  resources' 
Anticipated  failure  protects  the  waste  of  resources. 

(b).  Whatever  the  initial  resource  allocation  if  the 
expected  list  is  twice  as  long  (40  instead  of  lo^thf  Sources 

performance6  Smaller*  Thls  wil1  inevitably  reduce 

Both  of  these  possible  explanations  are  in  line  with  our 
f f-ndings  Wlth  soldiers  on  long  marches,  and  experiments 
fulf?n  „Ant^clPated  failure  operated  as  a  "self 

n^9-Pr°pheCy  '  often  leading  to  "giving  up"  early  in  the 
task.  it  is  important  to  note  that  in  the  present  stud?  as  well 

diSCO“ra9i"9  in,0"'ati»"  °h  the  Lrly  ' 

Experience  enhances  resource  allocation. 

.  ^  Ail  subjects  in  our  experiments  indicated  that  they  did  not 

fKst  ?r?^eSerienC?7ith  similar  taska.  Consequently^  on  thS 
of  thfy  COUJd  not.  effectively  evaluate  the  implications 

of  the  information  about  list  length.  Thus,  those  in  the  Exact 
information  condition,  had  probably  only  a  vague  notion  as  to  how 
haVf/°  bS  allocated'  and  how  many  SeSs  of  the  20 

thatice^  S2e  ss3dwS?h*sceiSoS.3s;1ii 

the1?aSrp?ogieLhJd?Xten’:  the  diffiCUlt''  clear 
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By  the  same  token,  having  no  information  about  the  expected 
list  length  on  the  first  trial,  does  not  necessarily  imply  a  more 
difficult  task.  The  totally  ambiguous  situation  may,  at  least  at 
the  start  of  the  experiment,  be  perceived  as  potentially  shorter 
than  20  items.  After  all,  20  items  are  more  than  subjects  can 
reasonably  expect  to  recall.  At  the  same  time,  absence  of 
information  precludes  any  rational  allocation  of  resources,  as 
any  item  may  well  be  the  last  one.  However,  as  the  task  ' 
progresses,  the  optimistic  appraisals  are  gradually  replaced  by  a 
more  discouraging  evaluation  of  its  difficulty. 

The  situation  is  quite  different  on  the  second  trial. 

Having  experienced  the  actual  length  of  the  item  list,  as  well  as 
the  recall  performance  itself,  subjects  are  better  able  to 
evaluate  the  expected  effort.  This  is  particularly  so  when  given 
an  exact  number  of  items  in  the  start  of  the  second  trial.  They 
are  now  better  able  to  allocate  the  necessary  resources,  as 
indicated  by  significantly  higher  recall  on  the  second  trial. 

In  the  No  information  condition,  the  benefit  of  experience 
is  minimal,  which  accounts  for  the  finding  that  the  advantaae  in 
both  recall  and  recognition  of  the  Exact  information'  over  the  No 
Information  condition  reaches  statistical  aignifi>^n^e  only  on 
the  second  trial.  Stated  differently,  just  like  in  the  case  of 
endurance  of  a  stressful  task,  exact  information  promotes 
effective  resource  allocation,  particularly  after  some  prior 
experience. 

Information  en  route  reduces  effort. 

Even  in  the  Exact  information  condition,  subjects  can 
maximize  their  within  task  resource  allocation  only  to  the  degree 
that  they  can  monitor  the  number  of  items  passed,  and  those 
anticipated  in  the  future.  Such  monitoring  adds  extra  demands, 
unless  it  is  provided  on  line,  externally.  in  several  of  the 
experiments  reported  above  we  introduced  a  specific  counter  that 
indicated  the  number  of  items  outstanding. 

Although  this  condition  did  not  affect  the  amount  of  recall 
it  nevertheless  reduced  the  subjective  experience  of  difficulty. 
Thus,  subjects  receiving  continuous  information  about  list  length 
(Groups  G  and  H)  reported  the  task  to  be  easier  than  those 
without  such  information.  Furthermore,  the  reduced  difficulty 
pertains  primarily  to  the  last  segment  (recency)  of  the  list.  It 
stands  to  reason  that  during  the  initial  phase  of  the  experiment 
subjects  are  still  able  to  follow  the  serial  position  of  each 
item,  a  task  that  grows  more  difficult  with  each  new  item 
presented. 

The  above  finding  suggests  that  subjective  difficulty  may  be 
a  useful,  albeit  post  facto,  indicator  of  effort.  For  the  entire 
sample  of  200  subjects,  the  correlations  between  subjective 
difficulty  and  performance  on  the  recall  tasks  are,  as  expected, 
negative,  although  not  very  high.  Once  again,  the  highest 
correlations  are  between  subjective  difficulty  and  performance  on 
the  recency  items  (r=-.31  pc.OOOl)  and  r=-.30  p<.0001  for  the  two 
respectively)  .  This  finding  supports  the  notion  that  part 
of  the  effort  is  to  keep  some  record  of  the  progression  of  the 
task,  as  it  unfolds. 
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If  subjective  difficulty  reflects  effort,  and  effort  is 
strongly  related  to  amount  of  resources  allocated  to  a  task  it 
is  possible  to  obtain  at  least  a  distal  indication  of  the  ' 
resources  themselves.  The  presumed  relationships  between  these 
variables  received  interesting  support  in  Groups  I  and  J,  when 
the  initial  information  was  altered  half-way  through  the  task. 
After  exposure  to  ten  items,  subjects  in  Group  I  (10+10)  learned 
that  there  will  be  ten  additional  items,  whereas  Group  J  subiects 
(40-20)  learned  that  the  task  is  20  items  shorter.  In  line  with 
the  above  reasoning,  Group  J  judged  the  primacy  items  to  be 
significantly  more  difficult  than  Group  I,  [F(l,38)  =  5  21 
?<:05]  (5he  exPected  effort  to  recall  40  vs  10  items)  and  Group  1 

t0  b*  si9nificantlY  more  difficult  than 
Group  J  [ F ( 1 , 38 )  -  4.65,  p<.05]  (increase  of  10  items  vs. 
decrease  of  20). 

The  effects  of  disconf irmation  on  resource  mobilization  and 
allocation  remain  at  this  point  of  our  research  basically 
unknown,  although  additional  experiments  along  the  lines  pursued 
here  may  shed  important  light  on  this  complex  issue.  A 
particularly  fascinating  question  pertains  to  manipulations  such 
as  that  in  Group  J,  namely,  reduction  of  expected  effort.  What 
are  the  implications  of  a  sudden  release  of  previously  committed 
resources?  Are  they  reallocated  among  the  remaining  fewer  items, 
or  quickly  removed  back  to  the  general  "pool"  as  suggested  by  th4 
visible  drop  m  recall  of  items  11-15  in  Group  J  (see  Table  11)? 

Within-task  competition  for  resources. 

Assuming  an  initial  allocation  of  resources  to  a  task  on  the 
basis  of  expected  effort,  and  further  assuming  only  a  limited 
amount  of  correction  of  that  initial  allocation  during  the  task 
proper,  within— task  competition  for  resources  will  follow 
whenever  they  are  insufficient.  The  above  conditions  define  a 
zero-sum  situation,  so  that  if  more  resources  are  used  at  a 
particular  stage  of  the  task,  fewer  are  left  for  the  remaining 
portion  of  the  task.  y 

The  most  obvious  case  of  such  within-task  competition  is 
when  time  is  the  necessary  resource,  and  it  is  not  long  enough 
for  successful  performance  of  the  entire  task.  The  limited  time 
available  for  rehearsal  of  items,  combined  with  the  constraints 
of  working  memory,  make  the  present  study  a  particularly  relevant 
case  in  point.  In  addition  to  the  theoretical  interest  of  this 
conceptualization,  its  practical  implications  are  potentially  far 
reaching.  Thus,  it  might  be  useful  to  search  for  clues  of  such  a 
modus  operandi.  The  following  analyses  all  support  the  above 
formulations: 


!  .?riInacV  vs*  recency.  Subjects  differ  in  their  memory 
capabilities,  and  consequently,  on  the  bais  of  indications  of 
performance  on  any  segment  of  the  task  we  should  be  able  to 
predict  performance  on  other  segments.  In  order  to  obtain  as 
reliable  estimates  of  this  factor  as  possible,  the  data  of  all 
the  subjects  from  the  ten  experimental  groups  were  pooled 
together.  Table  23  presents  the  intercorrelations  between  recall 
of  primacy  and  recency  items  on  both  tasks  for  the  entire  sample 
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of  200  subjects. 

Table  23;  Correlations  between  primacy  and  recency,  both  trials. 


Primacy  1 

Recency  1 

Primacy  2 

Recency  2 

Primacy  1 

1.00 

.06 

.26 

.19 

Recency  1 

1.00 

.17 

.32 

Primacy  2 

1.00 

.18 

Recency  2 

1.00 

As  hypothesized,  all  correlations,  with  the  exception  of 
Primacy  1  with  Recency  1  are  significant  below  the  p<.01  level. 
Thus,  for  instance,  those  who  recall  more  items  on  the  primacy 
segment  of  trial  1 ,  will  also  recall  more  items  on  the  primacy 
segment  of  trial  2.  The  same  holds  for  recency.  This  is  largely 
due  to  individual  differences  in  our  subjects'  capacity  for 
recall,  and  overcomes  the  specific  differences  between  the 
various  conditions  of  the  two  trials. 

Since  the  conditions  within  the  same  trial  are  the  same,  we 
should  expect  the  correlation  between  Primacy  1  and  Recency  1  to 
be  the  highest,  whereas  in  fact  it  is  the  lowest,  indicating  that 
within  the  same  trial,  there  is  competition  for  resources  1  It  is 
interesting  to  note  that  even  the  correlations  between  Primacy  1 
with  Recency  2  and  vice  versa  are  higher,  thus  removing  several 
alternative  explanations  to  our  finding.  Stated  differently,  on 
the  first  trial,  subjects  who  allocated  more  resources  to  primacy 
items,  had  fewer  left  for  the  recency  portion.  It  is  suggested 
that  if  we  could  remove  the  positive  component  due  to  stable 
individual  differences,  the  theoretical  correlation  between  these 
segments  would  actually  be  a  negative  one.  (This  correlation  is 
the  lowest  one  in  all  information  conditions.  In  the  Exact 
information  condition  it  is  r=.07,  in  the  Discouraging 
information  condition  it  is  r=— .02,  and  in  the  No  information 
condition  it  is  r=.07). 

Lastly,  it  appears  that  the  within-task  competition  for 
resources  is  smaller  on  the  second  trial.  It  is  conceivable  that 
prior  experience  with  the  task  leads  to  greater  resource 
allocation,  and/or  helps  our  subjects  to  distribute  the  limited 
resources  available  more  efficiently. 

It  should  be  mentioned  that  the  correlations  between  the 
appraisals  of  subjective  difficulty  of  the  various  segments  of  - 
the  two  trials  indicate  the  same  phenomenon.  Thus,  whereas  the 
correlations  between  subjective  difficulty  of  Primacy  1  with 
Primacy  2  and  Recency  1  with  Recency  2  are  very  high  (r=.66  and 
r-.77  correspondingly),  the  correlations  within  each  trial  are 
low  and  non-significant.  This  finding  lends  additional  support 
to  the  notion  that  subjective  difficulty  may  provide  a  useful 
index  of  effort,  and  resource  allocation. 
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(b)  Between-seqments  variability.  In  order  to  obtain  yet 
another  measure  of  the  way  subjects  in  our  experiments  invested 
their  resources  during  the  various  stages  of  the  task,  we  divided 
the  20  item  list  into  four  segments  of  5  consecutive  items  each. 
Next  we  computed  the  number  of  items  recalled  in  each  such 
segment,  and  finally  the  variance  between  these  numbers.  The 
smaller  this  variance,  the  smoother  and  more  consistent  the 
performance.  High  variance,  on  the  other  hand,  indicates 
inconsistent  effort,  and  hence  inconsistent  item  to  item  resource 
allocation. 

For  all  groups  pooled  together,  the  correlation  between 
total  recall  on  trial  1  and  between-segments  variability  was 
r=-.16  (p<.05),  suggesting  a  significant,  though  minor, 
detrimental  impact  of  variability  on  performance.  The 
corresponding  correlation  for  trial  2  was  r=-.20  (pc. 01).  The 
correlations  of  this  index  with  recall  of  primacy  items  were  both 
positive  (r=.30  and  r=.28  respectively),  and  with  recall  of 
recency  items  they  were  negative  (r=-.18  and  r=-.14).  This 
suggests  that  subjects  overinvest  in  primacy,  with  subsequent 
shortage  of  resources.  There  is,  of  course,  some  affinity 
between  this  index  and  the  one  discussed  in  the  preceding 
section. 

We  tested  whether  on  the  first  trial  the  detrimental  impact 
of  between-segments  variability  differs  across  information 
conditions.  The  correlations  for  Exact  information,  Dicouraging 
information  and  No  information  were  r=-.14,  r=-.01,  and  r=-.30 
respectively.  Only  the  impact  in  the  No  information  condition 
was  significant  (pc. 05),  suggesting  that  one  of  the  benefits  of 
information  about  task  duration/ length  is  that  it  facillitates 
the  within-task  resource  allocation. 

The  above  conclusion  received  additional  support  from  the 
finding  that  between-segments  variability  dropped  significantly 
from  the  first  to  the  second  trial.  (Mean  1=1.84,  Mean  2=1.60, 
t=1.95,  n=200,  pc. 05).  Once  again  we  witness  the  increased 
efficiency  of  resource  allocation  due  to  prior  experience. 

(c)  Non-recalled  recognition  ( NRR ) .  Research  on  memory  is 
unambiguous  about  the  positive  relationship  between  recall  and 
recognition,  and  the  empirical  correlations  between  them  are 
usually  very  high.  Since  the  second  is  typically  the  easier  of 
the  two,  subjects  that  are  able  to  spontaneously  recall  an  item, 
are  also  able  to  recognize  it  on  the  recognition  task.  On  the 
other  hand,  some  items  may  fail  to  be  recalled,  and  yet  correctly 
recognized. 

From  the  vantage  point  of  our  conceptualization,  if  the 
stated  goal  is  to  recall  and  not  recognition,  non-recalled  items 
that  are  recognized  indicate  waste  of  resources.  Since  correct 
recognition  cannot  take  place  without  investing  some  resource, 
the  failure  to  recall  the  item  makes  it  a  wasteful  investment. 
Stated  differently,  in  a  situation  of  limited  resources,  any 
investment  that  is  not  sufficient  to  ensure  success  in  the  task 
is  wasted.  Thus,  if  instead  of  several  subthreshold  investments 
subjects  could  concentrate  their  efforts  on  fewer  items,  their 
performance  would  increase. 
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For  each  subject,  we  calculated  the  proportion  of  recognized 
non-recalled  items  out  of  all  non-recalled  items.  Mathematically 
this  is  represented  by  the  equation: 

NRR  =  (Recognition  -  Recall)/(1  -  Recall).  In  the  case  of  a 
ideallly  performing  subjects,  NRR  should  be  small,  and  the 
correlation  between  NRR  and  Recall  itself  should  be  negative, 
indicating  minimal  waste  of  resources.  The  forces  leading  to 
positive  relationships  between  recall  and  recognition  indexes 
are,  however,  too  powerful  to  actually  observe  a  negative 
correlation,  which  must  be  inferred  from  more  complex  data. 

As  anticipated,  the  observed  correlations  between  NRR  and 
Recall  are  all  high  and  positive,  due  to  individual  differences, 
and  the  inherent  overlap  between  the  two  tasks.  At  the  same 
time,  as  we  move  from  the  first  to  the  second  trial,  the 
correlations  drop  markedly,  particularly  in  the  Exact  information 
condition.  Table  24  presents  the  data. 

Table  24:  Correlations  between  NRR  and  Recall  by  information 
condition  and  trial. 


Trial  1 

Trial  2 

Exact  information 

.37 

.18* 

Discouraging  info. 

00 

• 

.43 

No  information 

.53 

.36 

*  Not  significant 


The  data  suggest  that  experience  with  the  task  enhances  the 
relationship  between  performance  and  absence  of  wasteful 
investment.  The  effect  is  most  pronounced  in  the  Exact 
information  condition,  which  is  the  optimal  case  for  resource 
allocation. 

The  coding  task. 

The  simple  task  of  coding  does  not  initially  pose  a  problem 
of  insufficient  resources.  Information  about  task  length  (100 
vs.  300  vs.  500  stimuli)  affects  performance  only  during  the 
second  half  of  the  task  itself.  This  indicates  that  with  the 
onset  of  fatigue,  even  very  easy  tasks  are  influenced  by  expected 
effort.  Specifically,  performance  in  the  Exact  information 
condition  is  better  (i.e.  faster)  than  in  the  Discouraging 
condition,  with  the  worst  performance  in  the  No  information 
condition. 

Subjects  judged  coding  to  be  very  easy,  and  systematically 
underestimated  the  number  of  stimuli  presented.  The  introduction 
of  an  on-line  counter  led  to  more  accurate  estimates,  although 
still  well  below  the  actual  numbers. 

Finally,  when  told  to  expect  500  stimuli,  that  were 
eventually  reduced  by  400,  subjects  performed  faster  than  if  they 
expected  50,  and  subsequently  told  of  50  more.  This  may  be  the 
outcome  of  greater  resource  allocation  at  start  in  Group  500, 


54 


leading  to  corresponding  shorter  reaction  times.  Once  the 
response  pattern  was  established,  the  subsequent  disconfirmation 
had  little  impact. 

Yet  another  explanation  of  the  above  finding  would  stress 
the  within-task  allocation.  When  expecting  500  stimuli,  the 
psychological  importance  of  each  stimulus  is  much  smaller  than  if 
only  a  small  number  of  stimuli  are  expected.  The  reduced 
reaction  times  may  actually  indicate  reduced  effort.  Were  it  not 
that  the  coding  task  was  very  easy,  this  might  have  led  to  a 
greater  number  of  mistakes.  More  research  needs  to  be  carried 
out  to  sort  out  some  of  these  issues. 

Optimal  expected  effort. 

The  results  of  our  experiments  suggest  that  the  relationship 
between  expected  effort  and  initial  resource  allocation  is  a 
complex  one.  Thus,  Group  I  (10+10)  and  all  the  groups  in  the 
Discouraging  information  condition,  appear  to  function  below  the 
level  of  the  Exact  information  condition.  This  would  imply  that 
the  function  is  not  linear,  but  a  curvilinear  one.  Stated 
differently,  the  relationship  between  expected  effort  and  initial 
resource  allocation  may  well  replicate  the  classical  inverted  U 
curve  of  Yerkes  Dodson  fame.  Thus,  if  the  task  is  expected  to  be 
too  easy  or  too  difficult,  resource  mobilization  would  be  sub- 
optimal.  It  is  conceivable  that  the  prevalent  explanatory  power 
of  the  inverted  U  curve  may,  at  least  partially,  be  accounted  for 
by  the  above  argument. 

SUMMARY . 

Information  management  principles  that  were  found  effective 
in  enhancing  endurance  of  stressful  tasks  were  successfully 
applied  to  the  area  of  free  recall.  Considering  the  conceptual 
distance  between  the  domain  of  physical  exertion  or  pain 
tolerance,  and  that  of  memory,  the  potential  applicability  of  the 
specific  information  management  techniques  to  a  broad  spectrum  of 
cognitive  tasks  is  a  distinct  possibility. 

The  theoretical  framework  focusing  on  available  resources, 
their  effective  mobilization,  and  within  task  allocation,  was 
found  useful  in  bridging  the  gaps  between  the  various  domains 
tested.  It  offers  a  variety  of  potentially  effective 
interventions  aiming  at  maximizing  performance.  The  present 
authors  are  now  engaged  in  pretesting  these  principles  in  the 
context  of  decision  making. 
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Appendix  A  :  Post  experimental  questionnaire. 


We  need  your  sincere  reactions  to  the  following  questions 
relating  to  the  tasks  you  have  performed.  The  sequence  in  which 
you  have  performed  the  tasks  is  identical  to  the  sequence  of  the 
sets  of  questions .  Some  of  the  questions  have  multiple  choice 
answers .  Choose  the  answer  which  in  your  view  is  the  most 
appropriate . 

1.  On  the  first  list  of  words  that  has  been  presented  on  the 
computer: 

a)  How  many  words,  in  your  opinion,  how  many  words  appeared  on 
the  list? 

(Even  when  the  number  of  words  on  the  list  was  indicated  in 
the  instructions,  sometimes  the  subject  might  sense  that  the 
number  of  words  presented  is  not  identical  to  the  number 
indicated. ) 

(write  a  numerical  estimation. ) _ 

b)  How  many  words  were  you  told  would  appear  on  the  list? 

(write  a  numerical  estimation) _ 

c)  How  many  words  did  you  expect  to  remember  from  the  word 
list,  before  beginning  the  task? 

(write  a  numerical  estimation. )  _ 

d)  How  many  words  do  you  think  you  have  remembered?  (write  a 

numerical  estimation. ) _ 

e)  While  the  words  have  been  presented  on  the  screen,  did  you 
make  use  of  any  method  in  order  to  remember  them?  Specify 


f)  Did  you,  at  any  stage  during  word  presentation,  come  to 
the  conclusion  that  you  will  not  be  able  to  remember  the 
words,  and  stoped  memorizing?  yes  /  no 

If  yes,  circle  the  position  in  the  list  of  these  words  (You 
may  circle  more  than  one  position): 

Beginning  of  list - Middle  of  list - Towards  the  end  of  list 

g)  Please  rate  the  degree  of  difficulty  in  recalling  words 
that  appeared  at  different  positions  of  the  word  list. 


A-l 


very  easy 


very  difficult 


1  2  3  4  5  6  7 


Beginning  of  list  1234567 

Middle  of  list  1234567 

End  of  list  1234567 

h)  Have  you,  in  the  past,  participated  in  performing  tasks 
which  are  similar  to  the  memory  tasks  you  were  asked  to 
perform  in  our  research,  and  did  it  have  any  effect  on  your 
performance? 

Specify _ 


2.  Regarding  the  coding  task  you  have  performed  on  the  computer: 

a)  In  your  opinion,  how  many  graphical  signs  appeared 
in  the  task?  (Even  when  indicated  in  the  instructions, 
sometimes  the  subject  may  sense  that  the  number  of  signs 
presented  is  different  from  what  was  indicated. ) 

(write  a  numerical  estimation) _ 

b)  How  many  signs  were  you  told  would  be  presented? 

(Please  write  a  numerical  estimation. ) 

c)  What  was  the  number  of  signs  that  you  expected  to  complete 
coding,  before  beginning  the  task? 

(write  a  numerical  estimation) _ 

d)  How  many  signs  do  you  believe  you  have  coded?  (write  a 

numerical  estimation.  ) _ 

e)  Did  you  use  any  method  to  facilitate  or  improve  your 

performance  of  the  coding  task?  Specify _ 


f)  Did  you,  at  any  stage  in  the  signs  presentation,  come  to 
the  conclusion  that  you  cannot  continue  coding,  and  coded 
randomly  or  stopped  coding?  yes  /  no 

If  yes,  circle  the  stage  in  which  it  had  occurred.  (You  may 
circle  more  than  one  position): 

Beginning - Towards  the  Middle - Towards  the  end - 

g)  Rate  the  degree  of  difficulty  of  the  coding  performance  at 
the  different  stages  of  the  coding  task: 


A-2 


Beginning 

Towards  the  Middle 
Towards  the  End 


very  easy 

12  3 

I _ I _ I. 

12  3 

12  3 

12  3 


very  difficult 
4  5  6  7 

•  I _ I _ I _ I 

4  5  6  7 

4  5  6  7 

4  5  6  7 


h)  Have  you  participated  in  the  past  in  performing  a  task 
similar  to  the  coding  task  done  here?  yes  /  no 

If  yes,  did  it  have  any  effect  on  your  present  performance  9 
yes  /no 

If  it  had  any  effect,  explain  briefly _ 


i)  Did  the  recall  task  presented  before  the  coding  task  have 
any  effect  on  performance  on  the  coding  task?  yes  /  no 
If  it  had,  explain  briefly  how? _ 


3.  Regarding  the  second  word  list  that  has  been  presented  on  the 
computer : 

a)  How  many  words  appeared  on  the  list? 

(Even  when  the  number  of 'words  on  the  list  was  indicated  in 
the  instructions,  sometimes  the  subject  might  sense  that  the 
number  of  words  presented  to  him  is  not  identical  to  the 
number  indicated.) 

(write  a  numerical  estimation.) _ 

b)  How  many  words  were  you  told  would  appear  on  the  list7 
(write  a  numerical  estimation) 

c)  How  many  words  did  you  expect  to  remember  from  the  word 

list,  before  beginning  the  task,  if  you  had  any  expectations 
(write  a  numerical  estimation.)  _ _ 

d)  How  many  words  do  you  think  you  have  remembered?  (write  a 

numerical  estimation.) _ 

e)  while  the  words  have  been  presented  to  you,  did  you  make 
use  of  any  method  in  order  to  remember  them?  Specify 


f)  Did  you,  at  any  stage  during  word  presentation,  come  to  the 
conclusion  that  you  will  not  be  able  to  remember  the  words 
presented,  and,  therefore  stopped  memorizing?  yes  /  no 

If  yes,  circle  the  position  in  the  list  of  these  words  (You 
may  circle  more  than  one  position): 

Beginning  of  list - Middle  of  list - Towards  the  end  of  list 

g)  Please  rate  the  degree  of  difficulty  in  recalling  words 


a- 3 


that  appeared  at  different  positions  of  the  word  list. 


very  easy  very  difficult 

1  2  3  4  5  6  7 

I _ I _ I _ I _ I _ I _ I 

Beginning  of  list  1234567 

Middle  of  list  1234567 

End  of  list  1234567 

h)  Did  the  fact  that  you  have  already  performed  a  similar 
recall  task  affect  your  expectations  regarding  the  number  of 
words  to  be  presented  to  you?  yes  /  no 

If  yes,  in  what  way  (if  you  had  any  expectations )__ _ 


l )  Did  the  fact  that  you  have  already  performed  a  similar 
recall  task  affect  the  memory  method  you  used?  yes  /  no 
If  yes,  in  what  way  _ 


3)  Did  the  coding  task  have  any  effect  on  the  performance  of 
the  recall  task  which  followed?  yes  /  no 

If  yes,  in  what  way?  _ 


4 •  Questions  regarding  tasks  comparison:  "  " — 

® )  Plssse  rate  the  tasks  according  to  their  relative  degree  of 
difficulty  for  you: 


very  easy 

1  2 

I _ I. 

first  recall  task  1  2 

coding  task  1  2 

second  recall  task  1  2 


very  difficult 
3  4  5  6  7 

■  I _ I _ I _ I _ I 

3  4  5  6  7 

3  4  5  6  7 

3  4  5  6  7 


b)  Please  grade  the  tasks  according  to  your  (relative)  success 
in  performing  them. 

poor  performance  excellent  performance 

1  2  3  4  5  6  7 

i _ i _ l _ l _ l _ l _ i 

first  recall  task  1234567 

coding  task  1234567 

second  recall  task  1234567 

c)  The  presentation  time  of  the  words  in  the  memory  tasks  was: 

too  short  /  sufficient  /  too  long 


5.  During  the  presentation  of  words  on  the  computer  (as  opposed 
to  the  oral  recall  period),  what  methods  have  you  used  (if  any): 

I.  Associations,  images,  rote  memorization...  specify  exactly 
which  type? 

II.  Did  this  method  involve  a  few  words  connected  together,  or 
each  word  separately? 

III.  Did  you  use  different  methods  in  different  parts  of  the 
lists? 

a)  During  the  first  recall  task: _ 


b)  During  the  second  recall  task  (were  there  any  changes  in 
comparison  with  the  method  in  the  first  task): _ 


6.  Regarding  the  oral  recall  period,  what  recall  method  did  you 
use  (if  any)? 

a)  Regarding  the  first  recall  task_ _ 


b)  Regarding  the  second  recall  task:  (were  there  any  changes  from 
the  method  used  in  the  first  task) _ 


7 .  How  many  words  have  been  actually  presented  to  you  in  the  two 
oral  recall  tasks?  (experimenter!  Check  whether  subjects  knows 
that  he/she  has  been  deceived  in  the  appropriate  experiment 
conditions,  and  how  did  that  affect  him/her.) 

First  recall  task: 

Second  recall  task: 

8.  Did  the  presence  of  the  counter  in  the  coding  task  have  any 
effect  on  performance: 

a)  Did  it:  disrupt /aid. 

b)  How  much  did  you  pay  attention  to  the  counter? 

Did  you  look  at  it  at:  (please  circle) 

the  beginning  of  task/middle  of  task/towards  end  of  task 

9.  How  did  the  information  about  the  number  of  words  to  be 
presented  on  the  word  lists  affect  your  expectations  regarding 
the  number  of  words  you  will  remember,  and  the  memory  method  you 
have  used? 

Regarding  the  first  list: _ 


Regarding  the  second  list: 


10.  General  comments: 


